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A-1  CABLE  TRADEOFF 


The  largest  cable  size  consistent  with  the  0.125-in.-diameter  hole  allowed 
in  the  package  skin  comes  out  to  be  a 4-conductor,  No.  32  equivalent  conductor 
size,  0.010-in.  wall  thickness  FEP  Teflon  insulation  and  an  external  braided 
shield  No.  32  equivalent. 


TABLE  A- 50.  CONDUCTORS,  PHYSICS  HANDBOOK  DATA 
(Data  for  No.  32  at  780F  only) 


Type 

Ohms /ft 

XlOO 

Silver 

0.155 

15.5 

Copper 

0.164 

16,4 

Gold 

0.232 

23,2 

Platinum 

0.952 

95.2 

Monel 

4.00 

400 

Invar 

7.71 

771 

TABLE  A- 51,  COMMERCIALLY  AVAILABLE  #32  EQUIVALENT  CONDUCTOR 


Type 

Ohms/ft 

XlOO 

Copper 

0.17 

17 

Silver /copper 

0.20 

20 

Monel 

4.5 

450 

Stainless  steel  304* 

7/20 

700/2,000 

Temperature  Coefficient 

Not  given  by  supplier. 
Assumed  30%/100°F 


•Must  be  less  than  5.5n/ft  to  meet  safety  requirement;  difficult  to  solder 


Figure  A-201 
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If  the  four  resistors  of  the  bridge  are  approximately  equal,  then  the  bridge 
resistance  will  be  R(sT);  the  voltage  across  the  bridge  will  be  Eb(T);  the 
output  voltage  from  the  bridge  E. 

E(T)  is  given  by  the  functional  relationship 

Er(T)  G(T)e(T)N 
E{T)  5 

G(T)  is  the  temperature  function  for  the  strain  gage,  gage  factor 

N is  the  number  of  active  gages  in  the  bridge 

e(T)  is  the  temperature  dependent  strain  at  full  load. 

Circuit  Solution 
Total  Resistance 


R(T)  = R's+  RC/2  + R(ST)  + RC/2 
R(T)  = R's  + R(ST) 

Bridge  Voltage 

EB(T)  = Vo  [R(ST)/(R's  + R(ST)] 
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[Ao  + AIT  + A2T^  + A3T^  + A4T^ 



(Ao  + AIT  ♦ A2T^  + AST-^  + A4T^)  + Rs‘ 

X(Bo  + BIT  + B2T^  ♦ B3T^  + B4T^ ) 

The  coefficients  for  R(sT)  and  G(T)  are  different  for  each  gage  type.  If 
E(T)  is  computerized,  its  solution  is  simple  over  any  temperature  range.  The 
following  curves  show  the  most  likely  candidates  for  this  design.  Percent 
error  is  plotted  against  R's,  the  sense  comp  resistor  and  the  cable  resistance. 
Coefficient  of  expansion  for  the  metal  used  is  taken  as  a parameter.  In  real 
life  (5.0  to  7.0)  would  cover  most  metals  used  for  strain  gage  transducers. 

"Percent  Error"  in  this  work  means  Error  Band  in  which  the  sensitivity 
is  expected  to  remain  over  the  entire  temperature  range.  For  example.  Fig- 
ure A-202,  the  6.5  curve  has  a minimum  of  1.8%  at  RS  = 2,500  ohms.  This  means 
that  the  maximum  error  due  to  sensitivity  over  the  temperature  range  -75°F  to 
165°F  is  not  expected  to  exceed  1.8%  where  percent  error  is  defined  as 

IE(T)  max  - E(7)min  i 

• E(T)'...r.9e 1 * “"'**"* 

Figures  A-202  through  A-207  show  the  results  of  the  Celesco  computer  analysis. 
The  higher  the  coefficient  of  expansions  for  the  force  collector  the  smaller  the 
expected  sense  error.  Next  the  lower  the  minimum,  the  lower  the  comp  resistor 
value.  Finally,  the  lower  the  minimum  the  narrower  the  curve. 

The  curves  also  assume  that  the  attachment  temperature  for  the  gages  is 
278°F  (normal  practice).  The  table  in  the  corner  of  each  figure  gives  the 
compression  load  on  the  gage  for  each  coefficient  of  expansion  at  -75°F.  For 
maximum  stability  this  number  should  be  kept  as  low  as  possible. 
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Sense  compensation  resistor,  k ohms 


Figure  A- 204 
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The  data  assumes  a constant  battery  voltage  and  500  microstrain  as  full 
scale.  Therefore,  Ed(T)  varies  as  R's  varies.  But  since  we  are  only  interested 

D 

in  percentage  error,  it  makes  no  difference  to  the  calculation. 

The  cable  enters  into  this  problem  in  two  ways;  (1)  It  is  a fraction  of 
the  sense  comp  resistor,  and  (2)  the  line  voltage  drop  must  be  considered  in 
the  "intrinsically  safe"  statement. 
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Sense  error. 


-UAg-,JS!ll!ia|8g 


A-3  SENSITIVITY  COMPENSATION  PROCEDURE 


’c/2 


^ Ej  fm*i)  = 6 0 V 

T 


"c/2 


"(ST) 


Figure  A-  208 

For  the  typical  Celesco  bonded  semiconductor  strain  gage  bridge, 
the  nominal  sensitivity  resistor  is  1,750  ohms.  The  resistance  of  the 
circuit  is: 
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Rs'  = Rs  + RC/2  + R(sT)  + RC/2 


After  the  circuit  is  compensated  for  sensitivity  the  battery  voltage  Vo 
may  be  scaled  to  any  value  without  interfering  with  the  compensation  for  a 
desired  bridge  output.  The  restriction  on  scaling  Vo  is  that  EC(max)  cannot 
exceed  6.0  V due  to  "intrinsic  safety"  requirements.  The  value  of  R(sT)  is 
given  in  Figure  A-209  fof  the  17-4  condition  over  the  temperature  range  of  -75° 
to  1650F.  The  required  bridge  voltage  for  compensation  is: 

EB(T)  = rvo(540/540  + Rs)  max 

[vo(330/330  + Rs)  min 


For  Vo  = lOV,  Rs  = 1,750  ohms 


EB(T)  = 


2.36  V max 
1 .58  V min 


To  be  on  the  safe  side,  let  us  use  EB(T)  max  * 3.0  V.  This  leaves 
3.0  V for  cable  drop  restricted  by  the  "intrinsically  safe"  requirement. 
Further,  this  also  titeans  that  the  maximum  cable  resistance  at  165°F  cannot 
exceed  550  ohms,  or  each  50  ft  conductor  275  ohms.  Using  these  numbers  in 
the  relation  for  R's  gives 
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Temperature.  ‘F 
Figure  A- 209 
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Rs  = R's  - (RC/2  + RC/2) 

Rs  = 1,750  - 550  = 1,250  ohms 

The  deviation  for  R’s  is 

R's  = (d(RC/2)/dT)  AT 

Using  Physics  Handbook  data  and  using  an  outside  worst-case  of  5!!J/100°F 
as  the  temperature  rate  of  change  of  resistance  for  the  wire,  with  positive 
slope, 

rxo.87  = 17.4  ohms] 

R's  = (Monel)  400  x 0.05  ^ g 

X0.87  * 30.4  ohms] 

R’s  = (S.S.)  700  X 0.05  53  ^ _53  5 

for  cable  resistance  deviation. 
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Referring  to  the  (6.0)  curve  of  Figure  A-204  shows  that  the  allowable 
deviation  for  2%  max  is 


[ 200  ohms'! 
-250  ohmsj 


Both  allowances  exceed  by  a factor  of  10  the  deviations  for  Monel  and  a 
factor  of  5 the  deviations  for  stainless. 


Zero  Slope 

Zero  slope  adjustment  is  a rotation  function.  The  rule  to  be  followed 
is  obtained  by  looking  at  the  derivative  of  the  bridge  output. 


c - V r_i2  R3  "I 

■ ’'oLrI  + * R3  + R4j 


R3 

(Vo/R)  = EB(T) 


dE(T)  = (-{dRl  + dR3)  + (dR2  + dR4)) 


This  relation  says  that  the  temperature  slope  of  the  bridge  may  either 
be  positive  or  negative.  By  our  resistor  name  assignment,  (Rl,  R3)  make  the 
slope  negative  if  the  sum  of  their  slopes  are  the  greatest;  (R2,  R4)  make 
the  slope  positive  if  the  sum  of  their  slopes  are  greatest.  Analytically, 


Slope  E(T) 


(dRl  + dR3)|  < |(dR2  + dR4)| 


-L 

|(dRl  + dR3)l  >l(dR2  + 

dR4)|J 

•75 


70 

Ttmpeniure  ‘f 


165 
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Figure  A- 210 

Zero  slope  adjustment,  therefore,  is  accomplished  by  adjusting  the 
slope  of  either  Rl  or  R3  if  E(T)  slope  is  negative  or  (R2,  R4)  if  positive. 
This  can  be  done  by  a passive  "0"  T C Resistor  in  parallel  with  the  selected 
gage  as  shown  below. 


1 


A- 29  7 


Parallel  Resistors 


i 

I 


I 

I 

I 


R = (R1  R2/R1  + R2) 

TCR  = (R2/R1  + R2)  TCRl  + (Rl/Rl  + R2)  TCR2 

Let  TCRl  = 0 

TCR  * (Rl/Rl  + R2)  T.C.  R2 


z 

R2  '‘’R2'‘’T> 

1 5 

R 1 /R2 

Figure  A-211 
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Qualitatively,  the  temperature  slope  of  E(T)  must  be  very  bad  indeed  to 
require  a parallel  resistor  of  10  times  the  bridge  resistance  or  5,000  ohms. 
From  the  graphs  of  Figure  A-211,  it  can  be  seen  that  the  rate  of  change  of 
slope  with  comp  resistance  is  small.  Therefore,  a change  in  this  value  of 
50  ohms  (worst  case  for  the  cable)  will  effect  the  result  in  an  unnoticeable 
way.  A more  cornnon  value  for  zero  slope  comp  resistor  is  25K  to  50K  ohms. 


A-4  MECHANICAL  DESIGN 
Contoured  Diaphragm 

•Approximate  hand  calculations  using  Timoshenko  and  Woinowsky,  "Theory  of 
Plates  and  Shells,"  pages  298  through  302,  and  Roark,  page  250,  showed  that 
contoured  disphragms  had  definite  disadvantages.  These  disadvantages  are: 

(1)  Thicker  outside  diaphragm  edge  caused  strain  reduction  in  outside 
gage  leading  to  reduction  in  transducer  output  voltage. 

(2)  Reduction  in  outside  strain  gage  value  caused  major  imbalance 
between  inside  and  outside  bridge  response  causing  compensation 
difficulties. 
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F r 


/ % 


Cantilevered  Beam  Design 

Comparison  - Constant  Moment/Rectanquiar 

Analysis  was  conducted  to  determine  the  output  voltage  for  a constant 
moment  versus  a rectangular  geometry  beam  (figures  A-212,  A-213).  The  output 
voltage  was  significantly  lower  for  the  constant  moment  beam  configuration 
for  the  same  length  and  geometric  size  constraints  of  stress  gage  geometry. 

Celesco  designed  a rectangular  cantilevered  beam  (figure  A-215)  to  mount 
inside  a miniature  stress  transducer.  Analysis  was  conducted  to  evaluate 
the  reinforcement  effect  of  the  beam  on  the  diaphragm.  Results  indicated 
that  the  0.015  in.  thickness  beam  was  adequate  to  minimize  diaphragm 
reinforcement  effect  and  maximize  electrical  output.  Some  of  the  supporting 
calculations  are  presented  below. 


Rectangular  Beam 

0 •=  MC/I,  C = h/2,  I = bh^/12 
o = 6M/bh^,  M = Wgl , c s o/E 
e = 6 (Wgl/Ebh^) 

Constant  Moment 

a = h E/2r,  Vr  = M/EI 
o = Mh/2I,  = boh^/12 

bo  is  the  width  of  the  root  of  the  beam;  bo  = 2b;  M = W1 
G = 3 (Wgl/bh^) 
e » 3 (W  1/Ebh^) 


Rectangular  Beam 


y 


Figure  A-  212 


,■  j-R#ceiver  h 

k 


Constant 

moment 
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Beam 

restoring  displacement 


Uniform  load 
displacement 


Figure  A-213 


17685 


If  the  displacements  are  coaxial,  the  scalar  sum  will  give  the  resultant 
displacement. 

* = ’'d  - *b 
From  Roark 

. 3W.  ,^2  -.2  3Wo,„2  2 . 

313  ^ ^ 

“ 16ttE.  471  E.  f* 

d 0 

If  17-4  is  used  for  the  whole  structure,  then  E^^  * E^.  Solving  for  the 
force  on  the  oeam 


3Wp  (M^-l)a^/167TM^t^] 
3(M^-1)/47tM^^J  +[1^/31] 


A- 300 


Wp  = wna^ 
1 = bh^/12 


Figure  A- 214 


W„  = 


^ 3VjTia^  (m^  - 11  bh^ 

® 12a^<ni^  - 1)  bh^  + 647im^t^l^ 

For  17-4  PH  in  the  H900  condition  (see  Armco  Bulletin  5-6C),  modulus  of 
elasticity  is  28.5  x 10^  psi;  Poisson's  ratio  is  0.272. 

2 


m = 1/u. 


3iT(m  -1) 

12  (m^  -1) 
64  {fn^)Tr 
3 


= 117.9  = kl 

= 150.2  = K2 

= 2,717.6  = K3 


Kl  • W bh 


K2  • a^  bh^  + K3  • t^l^ 


Beam 


0 = MC/I,  C = h/2,  M = Wgl,  I X bh7l2 


0 = 6 Wgl/bh'",  e = o/E 


^ ‘^BVbh^E 


Inserting  Wg,  redefining  the  constants,  and  Wg  = P-A 


Cl  = 6K1 


= 705.6 


C2  = 28.5  X 10®  K3  = 4.28  x 10^ 

C3  = 28.5  X 10®  K3  = 7.745  x 10^° 7 


c = Cl  1 Wa^h/(C2  bh^  + C3  1^  t^) 


4 
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TABLE  A-53. 


DIAPHRAGM  AND  BEAM  DIMENSIONS 


Diaphragm 

Beam 

2,000 

a 

0.163 

Normal 

1 

0.200 

t 

0.0265 

b 

0.035 

500 

a 

0.163 

h 

0.020 

t 

0.0166 

Moderate 

1 

0.130 

b 

0.035 

h 

0.016 

Assume  strein  from  to  500ye»  and  solve  previous  equations  for 

2,000  psi  and  500  psi. 


Figure  A-215 
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* -paL  contained  in  the  transfer  functions  for  constant  moment 
and  rectangular 

= ^ , M = Wx,  C = h/2,  I = bh^/12 

, ,0.200  ,0.200 

o,  = oW/bh*^  • / xdx/y  dx  = o.max 
*•  ■0.150  0.150 


A-302 


= 0.875  ®L 
- = 0.950  ®L  max 


POl-05-500 

POl-02-250 


e = o/E,  not  used 


Bridge  Output 


e(T)  = E,(T)  o(T) 


TABLE  A- 54.  BEAU  STRAIN  VS  DIAPHRAGM  THICKNESS 


10'^ 

Output 

10-^ 

Strain 

10-3 

Diaphragm  t 

lO’'" 

Diaphragm 

Displacement 

14.7 

50 

50.6 

66.4 

29.4 

100 

40.2 

132.4 

44.1 

150 

35.1 

198.8 

58.8 

200 

31.9 

264.9 

73.5 

250 

29.6 

331.6 

88.2 

300 

27.8 

400.3 

102.9 

350 

26.5 

462.1 

117.6 

400 

25.3 

531.0 

132.3 

450 

24.3 

599.3 

147.0 

500 

23.5 

662.7 

Ambient  Values 


EB(t)  = 2.1  V 


Rj  = 1,750  ohms 


17-4PH-H900 


500  psi  Unit 


14.7 

50 

31.9 

66.3 

29.4 

100 

25.3 

132.7 

44.1 

150 

22.1 

199.2 

58.8 

200 

20.1 

264.7 

73.5 

250 

18.6 

334.1 

88.2 

300 

17.5 

401.2 

102.9 

350 

16.6 

470.0 

117.6 

400 

15.9 

534.8 

132.3 

450 

15.3 

600.3 

147.0 

500 

14.7 

676. R 
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/I  in-12/P  ' 

= 4.3  X 10  (-3 


TABLE  A- 55.  BEAM  STRAIN  VS  DIAPHRAGM  THICKNESS 


2.000  p5l 


10  " 
Strain 


lo*-" 

Thickness,  in. 


50.62 

40.18 

35.10 

31.89 

29.60 
27.85 
26.46 
25.36 
24.32 
23.48 
22.75 
22.09 
21.51 
20.50 
20.06 

19.61 
19.29 


500  psi 
10'^ 

Thickness,  in. 


31.89 
25.30 
22.09 
20.06 
18.62 
17.51  > 
16.63 

15.89 

15.27 
14.74 

14.27 
13.85 
13.46 
13.15 
12.84 
12.56 
12.32 


Diaphragm, 
diameter  0.326  in. 


Geometric  Considerations  for  Cable  Connectors 

Smallest  practical  four-pin 
connector  for  cable  termination 
Connector  (micROTECH.  DP-45-1) 


0 280  in 


Figure  A-216 
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The  0.125-in.  diameter  case  hole  requirement  eliminates  a conventional 
hard-wired  cable  termination.  The  reason  is  that  there  is  not  a cable  connector 
that  small  that  is  practical. 


To  acconnodate  such  a connector,  the  larger  hole  size  would  be  needed.  Since 
this  does  not  seem  to  be  a solution  the  connector  is  eliminated. 

Connector.  Pin  Removable 

Another  approach  is  to  use  a connector  from  which  the  pins  can  be  removed. 

The  cable  would  be  assembled  complete  with  connector  by  the  manufacturer. 

The  user  would  then  remove  the  pins  from  the  shell,  install  the  transducer 
and  reassemble  the  shell. 

The  mechanical  restriction  is  illustrated  in  Figure  A-217.  The  last  pin  and 
wire  must  fit  through  the  0.0625-in.  space. 


Last  pin  must  fit  through  this 
space 


0 125  in 


Figure  A-217 


17688 


The  skill  demand,  hence  risk,  to  the  user  is  to: 

1.  Be  able  to  install  the  pins 

2.  Get  the  pins  in  the  right  place. 

We  did  not  find  a connector  with  pins  small  enough  to  accormodate  this  method. 
However,  there  are  available  individual  pin  connectors  that  will  work.  Namely, 
the  concord  jack  and  pin  arrangement.  Figure  A-218.  The  four  wires  of 
the  cable  would  be  fitted  with  the  pins;  the  compensation  module  with  the 
jack.  The  cable  and  pins  would  fit  through  the  hole  as  shown  and  then  be 
mated  with  compensation  module.  Shrink  tubing  would  be  fit  over  the  jack 
and  pin  arrangement  for  insulation. 


Tirminal  0.082  diameter-10/ 1 
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Compensation  module 


The  zero  TC  resistors  used  for  compensation  are  a minimum  size  of  0.090  in. 

The  added  3 conductors  in  a tightest  array  give  a minimum  dimension  of  0.126. 

If  a 0.005  wall  thickness  could  be  maintained  around  this  assembly,  then  it 
would  be  0.135  minimum  diameter. 

All  compensation  has  been  eliminated  from  inside  the  transducer  by  the  intrinsic 
safety  requirement.  It  takes  at  least  10  V at  7 itiA  at  the  input  terminals  of 
the  compensation  unit  to  get  a useable,  compensated  output,  if  stainless  steel 
or  other  high  resistance  wire  is  used. 

A- 306 


J 


m 


A serialized  module  can  be  used  with  4 external  pins  for  connection  to  the 
transducer. 


i'  Figure  A- 220 

!' 
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Coded  wires  and  pins  will  have  to  be  used  so  that  the  user  can  properly 
connect  the  instrument. 

For  completing  the  bridge  outside 

f 

I e^^^  = E(BT)/4R  (drl  + dr2  + dr3  - dr4  +Idr) 

^Zdr  is  any  change  of  resistance  internal  to  the  bridge.  If  there  are 
llj  six  long  leads  with  connections  internal  to  the  bridge,  then  there  is  consider- 

1 able  room  for  bridge  output  change.  The  expected  magnitude  is 

i ^out/ohm  = 2-22/1 ‘800  (1.0)  = 1.23  mV/ohm. 


!;} 


t 


For  completing  the  bridge  internally  +Idr  is  eliminated  and  any  change  in 
bridge  output  will  have  to  be  through  E(BT),  E{BT)oejjy^.  The  expected 
magnitude  for  a one  ohm  change  in  Rs 

E(BT) /ohm/ 1,800  = 10  450/2,000  - [450/1,999]  = 0.1  4iV/n 

&E/EBT  = 0.05%/ohm 

There  is  an  additional  order  of  magnitude  difference  in  the  error  signal 
between  the  two  methods.  Therefore,  the  potted  module  is  a better  approach. 

In  any  case  low  resistance  wire  would  have  to  be  used  instead  of  stainless 
steel  wire  to  minimize  lead  wire  resistance  change  effects. 

A-5  CHEMICAL  COMPATIBILITY 
Body 

There  does  not  seem  to  be  any  information  on  the  corrosive  effects  of  solid 
propellants  on  metals.  CSD  has  supplied  a list  of  propellants  with  a most 
probable  corrosive  for  each.  Since  this  is  only  qualitative  information  only 
qualitative  answers  can  be  given.  Even  worse,  the  only  answers  we  know  of 
depend  on  exposure  to  aqueous  solutions.  There  is  no  doubt  that  such  exposure 
is  orders  of  magnitude  worse  than  a propellant  environment.  However,  that  is 
all  we  have. 

Since  chemical  activity  increases  with  increasing  temperature,  worse  case  will 
be  at  the  highest  temperature  or  165°F. 

Oxides 

All  of  the  oxides  mentioned  are  harmless  to  stainless  steel  at  165°F.  In 
fact,  a process  termed  passivation  is  used  on  these  metals  (1)  to  eliminate 
elemental  iron  on  the  surface  and  (2)  to  increase  the  oxide  thickness  and  to 
make  them  less  corrodable.  The  usual  solution  is: 

500  ml  HNO3 

500  ml  deionized  water 

20  gr  K2  (or  N2  CR^O^). 

The  parts  are  soaked  at  140°F  to  160°F  for  30  min  in  this  solution. 


A- 308 


Halogens 

Hydrochloric  and  hydrofluoric  acid  in  aqueous  solution  attack  all  precipitation 
hardened  stainless  steels,  all  300  stainless  (316  slowly)  and  all  400  stainless 
steels. 

Halogen-nitric  solutions  attack  all  stainless  rapidly.  For  example,  a 
descaling  solution  after  heat  treatment  for  most  stainless  steels  is  a 25%  by 
volume  (concentrated  nitric  acid)  , 6%  by  volume  (concentrated)  hydrofluoric 
acid,  and  remainder  D.I  water.  The  solution  is  used  at  room  temperature  for 
a maximum  of  10  min.  If  the  parts  are  exposed  for  more  than  10  min, 
the  smeared  out  shiny  surface  due  to  mechanical  finishing  (amorphous)  will 
be  dissolved.  From  this  point  the  etch  rate  decreases  by  an  order  of  magnitude 
but  does  continue. 

Sulphides 

The  only  reference  we  have  to  sulphide  corrosion  is  the  Shell  Oil  Company 
"Sour  Gas  Well"  test  specification.  The  parts  are  to  be  immersed  in  an  aqueous 
solution  of  5%  sodium  chloride  saturated  with  hydrogen  sulphide  at  room 
temperature.  This  solution  attacks  all  stainless  steels  tested;  most  vigorously 
at  weld  joints  or  weld  spots.  The  longest  lived  was  316.  It  lasted  30  days; 

17-4  corroded  at  welds  in  a matter  of  hours. 

Even  in  view  of  these  gloomy  effects,  the  history  of  stress  transducers  does  not 
indicate  any  corrosion  problem  within  orders  of  magnitude  of  those  cited. 

Thiokol  did  indicate  a problem  with  corrosion  of  the  case  material,  but  they 
were  testing  as  high  as  300°F  where  the  chemical  activity  would  be  about  250 
times  greater  than  the  activity  at  165°F. 

Based  on  the  history  we  would  recommend  17-7,  17-4,  15-5  or  13-8  PH  stainless  steel 
as  case  material.  The  heat  treatment  is  well  known  and  the  results  of 
mechanical  stability  are  known.  We  are  not  so  confident  with  other  materials. 
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TABLE  A-56.  PROPELLANT  CORROSIVE  POSSIBILITES 


Types  of  Propellant 


Corrosive  Products 


PBAN 


HCL  Acrylic  acid 

Perchloric  and  HCL 


CT 


HCL 


Double  Base 


Oxide  of  N,  NO^  - nitric  acid 


Polysul fide 


N2S 


Energetic  Plasticizers 


NF,  NF,  NO2 


Burning  rate  catalysts 


Additives 


CU2O2,  catalyst  {NH^)2 
Long  time  basis  - HCL, 


N3O3 


Cable 

The  cable  study  has  shown  that  cable  resistance  cannot  exceed  fie  bridge 
impedance.  This  restricts  the  cable  material  to  around  4.0  ohms/ft  max.  The 
leading  candidates  seem  to  be  Monel,  gold,  platinum. 

The  chemical  compatibility  of  Monel  with  any  environment  is  illustrated  by  a 
quote  from  the  International  Nickel  Companies  Monel  Information  Phamphlet. 

"In  general,  (Monel)  is  more  corrosion-resistant  than  either  of  its  constituents 
(nickel)  (copper)."  Along  with  this  is  a list  of  the  compounds  formed  by  each, 
most  readily. 
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Based  on  using  internal  compensation  resistors,  the  monel  wire  appears  to 
be  the  best  material  for  chemical  corrosive  resistance  and  low  electrical 
resistance  per  foot.  Monel  wire  was  available  at  local  Los  Angeles  suppliers 
in  500  to  1,000  foot  quantities. 

Seals  and  Electrical  Outlets 

Metal  seals  have  previously  been  obtained  using  epoxy  and  other  adhesives. 
These  conventional  seals  have  limited  chemical  resistance  and  are  not 
considered  adequate  moisture  seals  for  long  time  applications.  A number 
of  earlier  stress  gage  applications  have  experienced  large  electrical 
instability  which  may  have  been  attributed  to  chemical  corrosion.  This 
corrosion  may  have  penetrated  the  transducer  through  the  metal -adhesive- 
metal  seal.  Because  of  this  poor  application  history  and  the  large  variety 
of  potential  propellant  corrosive  products,  it  was  recommended  that  all 
seals  be  metal -to-metal  using  electron  beam  welding  and  that  lead  wires  be 
brought  out  of  the  transducer  body  with  glass-to-metal  headers. 

In  order  to  ensure  the  long  range  survivability  and  dependability  of  these 
embedded  stress  transducers,  both  the  external  seals  and  internal  connections 
would  be  metal -to-metal  without  use  of  adhesives  except  for  bonding  the 
semiconductor  strain  gages. 
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APPENDIX  B - CELESCO  TRANSDUCER  COMPENSATION 


METHODS  AND  PROCEDURES  FOR 
COMPENSATING  SEMICONDUCTOR 
STRAIN  GAGE  TRANSDUCERS 


This  is  a general  presentation  of  the  requirements  for  compensation  of  a 
silicon  strain  gage  4 active  element  bridge.  The  presentation  is  made  in 
3 sections:  (1)  Development  of  the  bridge  relations;  (2)  definition  of 
variables;  and  (3)  summary  and  procedure  for  compensation. 

1.  Development  of  Bridqe  Relations 


Static  Relations 


El.  E2 


Figure  B-221 


El  = Vo  [R2/(R1  + R2)] 

E2  = Vo  [R3/(R3  + R4)] 

AE  = (E1-E2) 

AE  = Vo  [R2/(R1  + R2)  - R3/(R3  + R4)] 


Balance 
SET  AE  = 0 


R1/R2  - R3/R4 


Trivial 


R1  * R2  « R3  « R4 

Span 

Adjust  Vo  for  magnitude  of  AE  required,  since  AEa  Vo. 

Dynamic  Relations 
Bridge  Output 
Take  the  derivative  of  AE. 

d(AE)  = Vo  (3AE/6Rl)dRl  + (6AE/6R2)dR2  + (6AE/6R3)dR3  + {6AE/6R4)dR4 

d(AE)  = Vo/4  (-dRl/Rl)  + (dR2/R2)  + (-dR3/R3)  + (dR4/R4) 

Let  R1  and  R3  be  compression  gages  and  R2  and  R4  be  tension  gages  and 
impose  the  restriction  that  R1  “R2  *R3  =R4. 

Then,  D(AE)  = e(T)  = Vo  GC)  e(T) 

Where  dR/R  = Ge 

Linearity 

Gage  factor  for  semiconductor  strain  gages  is  parabolic  with  strain. 
However,  if  used  in  conjugate  pairs  the  nonlinear  terms  add  out  at  the 
sunning  points  (El,  E2)  of  the  circuit. 

dR/R  * Aoe  + A2e^ 

Substituting  this  relation  in  the  bridge  output  formula  gives 

e(t)  = (Vo/4)  .(Ao  el  + A2  e^)  + (Ao  e2  + A2  c^) 

-(Ao  £3  ♦ A2  £*,  ^ „ ^4) 
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Remembering  that, 

Cj,  63  ■ - forces 

€2,  * + forces 

The  even  order  terms  will  all  be  positive  while  the  odd  order  will  take 
the  sign  of  the  force 

e{T)  = Vo/4  Ao  + Ao  C2  + Ao  £3  + Ao 

Define  Ao  = G(T)  and  impose 

^1  ' ^2  = "3  = ^4 
e(T)  = Vo  G(T)  e(T) 

The  restriction  of  the  strains  being  equal  is  realized  exactly  by  using 
a constant  moment  beam,  and  to  a better  approximation  than  error  require- 
ment on  a small  rectangular  beam. 

The  bridge  output  is  seen  to  be  directly  proportional  to  the  first  order 
of  the  strain. 


e(T)  can  be  shown  to  be  a constant  under  particular  conditions  of  design 
The  proof  is  omitted  here  in  the  interest  of  brevity,  since  it  involves 
the  characteristics  of  the  steels  and  silicon  chosen  for  the  particular 
design.  Suffice  to  say  that  this  has  been  done  and  e(T)  will  be  taken 
as  a constant.  Then,  take  the  derivative  of  e(T). 
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In  e(T)  = In  EB(T)  + In  G(T)  + Inc(T) 
de(T)/e(T)  » dEB(T)/EB(T)  + dG(T)/G(T) 


Now  set  de(T)/e(T)  = 0. 

-dEB(T)/EB(T)  = dG(T)/G(T). 

The  requirement  is  that  the  negative  percentage  change  of  the  bridge 
voltage  be  made  equal  to  the  percentage  change  of  gage  factor  for  the 
selected  gages. 

Passive  sensitivity  compensation  for  a temperature  range  AT  is  accomplished 
by:  (1)  Selecting  the  proper  strain  gage  - steel  combination;  then  (2a) 
for  constant  voltage  by  adjusting  the  bridge  impendance  temperature 
slope  with  a series  resistor  or  (2b)  for  constant  current  by  adjusting  the 
bridge  impedance  temperature  slope  with  a parallel  resistor.  This  is 
equivalent  to  linearizing  the  (E  + dE)  curve  in  Figure  B-222. 


Zero  Slope 

Rewrite  the  derivative  of  d(AE), 


with  the  restriction  that 


R1'’R2=R3=R4  = R. 

d(AE)  = (Vo/R)  (-dRl  + dR2  - dR3+  dR4) 
Set  d(AE)  = 0 

(dRl  + dR3)  = (dR2  + dR4). 


Verbally,  the  requirement  s that  the  sum  of  the  slope  of  the  compression 
gages  must  be  equal  to  the  sum  of  the  slopes  of  the  tension  gages. 

Now,  since  d(AE)  * dE  * e(T),  then  e(T)  a [-(dRl+dR3)  = (dR2+dR4)],  and 
if  l-(dRl +dR3)|  > (dR2  + dR4)  , e(T)  will  have  a negative  slope;  if 
|(dR2  + dR4)  >(-|(dRl+  dRS)],  e(T)  will  have  a positive  slope.  Therefore, 
the  line  E of  figure  B-222  can  be  rotated  clockwise  to  horizontal  by  decreas- 
ing the  sum  {dR2  + dR4)  or  counter  clockwise  to  horizontal  by  decreasing 
the  sum  (dRl  + dR3). 
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This  can  be  accomplished  for  either  constant  voltage  or  constant  current 
by  adding  a resistor  in  series  with  the  bridge  arms  inside  the  bridge  or 
by  adding  a parallel  resistor  across  (Rl,  R3)  or  (R2,  R4)  outside  the 
bridge.  See  Figure  B-223. 

Whatever  the  choice,  changing  the  slope  of  the  bridge  by  adjusting  one 
of  the  elements  effects  the  sensitivity  compensation  and  so  an  iteration 
is  necessary  to  complete  calibration  of  bridge  slopes. 

Zero  Balance 

Zero  balance  is  accomplished  either  by  adding  a resistor  to  the  bridge 
inside  the  loop  to  force  the  function 

R1/R2  + AR  = R4/R3 

(see  Figure  B-223)  or  by  adjusting  the  amplifier  reference  point. 


S£an 

Span  is  adjusted  by  changing  either  IB  or  EB  in  a scalar  way. 


Definition  of  Variables 

Silicon  strain  gages  are  completely  characterized  by  their  gage  factor 
and  their  unstrained  resistance.  Both  variables  must  be  known  as  a function 
of  temperature  over  the  region  of  interest.  If  this  information  is  available, 
then  the  gage  after  attachment  to  a force  collector  can  be  defined  analytically. 
The  resistance  R(e,  T)  of  the  attached  gage  is  given  by 

R(e,  T)  = R(o,  T)  + R(o,  T)  G{T)Aa(T)  AT 

Where 

R(o,  T)  is  the  unstrained  resistance  as  a function  of  temperature. 

6(T)  is  the  gage  factor  as  a function  of  temperature. 
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^a{^)  Is  the  differential  of  the  coefficient  of  expansion  of  the  steel 
end  the  silicon  as  a function  of  temperature. 

- (T-To)  where  To  is  the  attachment  temperature  of  the  bonding  agent. 

Celesco  is  unique  in  having  accomplished  the  definition  of  these  functions 
for  strain  gages.  It  has  been  found  that  R(o,T),  6{T)  and  R(e,  T)  can  be 
represented  by  a truncated  power  series  of  the  temperature  over  any  region 
of  interest,  as, 

R{o,  T)  * AO  + AIT  + A2T^  + A3T^  + A4T^ 

G(T)  = BO  + BIT  + B2T^  + B3T^  + B4T^ 

R{«,  T)  » CO  + CIT  + C2T^  + C3T^  + C4T^ 

These  functions  are  well  behaved  and  easily  applied  to  a computer  program. 
Hence,  the  solution  of 


fe(T)  = EB(T)-G(T)-e(T),  V = k 1 
le(T)  = IB-RB-GT-e(T),  I * k J 
become  practical  and  simple. 

Constant  Voltage 

”s 

I I I 

Vo  ^B(T)  "(e.T) 

I IJ=r 

Figure  B-224 

EB(T)  * Vo  (R(c,  T)/R(e,  T)  + RS) 
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Inserting  this  expression  in  the  constant  voltage  relation  allows  error 
analysis  and  the  proper  selection  of  components  before  hardware  is  made. 
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Constant  Current 


Figure  B-225  ^77Q4 

RB  » (R(e,  T)  RS/R(c.  T)  ♦ RS) 

Inserting  this  expression  in  the  constant  current  relation  allows  error 
analysis  and  component  selection  for  this  case. 


Compensation  Procedure  Flow  Diagram 
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1.0  TRANSDUCER  STABILITY  DATA  SUMMARY  - CELESCO  P-95  DATA 


The  P-95  transducer  Is  a rectangular  cantilever,  semlconducter  strain 
gage  transducer  with  Integral  electronics.  The  sensor  yields  100  RiV  for 
a 500/i  strain  load  at  full-scale  pressure.  The  Integral  electronics  consists 
of  a DC  (28  V)  to  DC  converter  and  amplifier  with  a gain  of  50.  Hence, 
output  Is  a DC  signal  of  0 to  5 V.  Temperature  range  of  the  P-95  transducer 
Is  -10  to  140°F.  All  components  are  lOOX  screened  (purchased  to  mil  specifi- 
cations) and  each  end  Item  Is  functionally  tested  Including  a 500-hr  burn-in 
test  to  the  acceptance  test  procedure  for  Celesco  Part  No.  631093. 

Data  Included  In  this  report  are  from  steps  4.13  through  4.23  of 
the  data  packages  of  the  Functional  Test  Steps  listed  below; 

Functional  Test  Steps 


Step 

Step  number 

Examination  of  products 

4.1 

Configuration  and  Identification 

4.1.1 

In-process  documentation 

4.1.2 

Sensor  helium  leak  rate 

4.1.3 

Height 

4.1.4 

Input  to  output  Isolation 

4.2 

Insulation  Resistance 

4.3 

Dielectric  strength  test 

4.4 

Operating  Current  Test 

4.5 

Noise  feedback  test 

4.6 

Output  noise  test 

4.7 

Output  regulation  test 

4.8 

Output  Impedance  test 

4.9 

Reverse  polarity  protection  test 

4.10 

Over-voltage  protection  test 

4.11 

Over-pressure  test 

4.12 

Static  calibration 

4.13 

Pre-vibration  - temperature  cycling  (2  cycles 

140OF  - lOOF) 

4.14 

Functional  Test  Steps  (Continued) 


Step  number 
4.15 


Step 

Post-temperature  cycling  functional  tests 
(same  as  4.13) 

Random  vibration  ^*16 

Post-vibration  functional  tests  (same  as  4.13)  4.17 

Post-vibration  temperature  cycling  (same  as  4.14)  4.18 

Pre- temperature  functional  tests  (same  as  4.13)  4.19 

Temperature  and  thermal  stability  tests  4.20 

Post-temperature  functional  tests  (same  as  4.13)  4.21 

Burn-in  test  4.22 

100  hr  at  ambient 

Seven  cycles  - 140®F  -10®F  140°F 

(evenly  spaced) 

Last  100  hr  at  140°F 

Post-burn-in  functional  tests  (same  as  4.13)  4.23 


Test  Conditions 

Unless  otherwise  specified  all  test  shall  be  performed  at  the  room 
temperature  ambient  conditions  given  below: 


Temperature: 

Barometric  Pressure: 
Relative  Humidity: 

Environmental  Tolerances 

a.  Temperature  (°F) 

b.  Barometric  Pressure  (torr) 


c.  Relative  Humidity 

Data  summaries  for  seven  arbitrari 
from  each  of  10  calibrations  spread  over 


55OF  to  95OF 
650  to  810  torr 
90X  or  less 

Plus  or  minus  5°F 
Plus  or  minus  5X, 

900  torr  to  1 torr 
Plus  or  minus  lOX, 

1 torr  to  10"®  torr 
Plus  or  minus  5%  of  RH 

’ selected  transducer  numbers  are  taken 
a 50-hr  period,  and  a final  calibration 
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f 

[ 

I after  500  hr.  Complete  data  sumnaries  was  restricted  to  seven  transducers 

because  of  budgetary  constraints.  Data  are  also  given  for  the  periodic 
i / health  checks  at  140°F  and  -10°F  during  the  500-hr  burn-in  test.  For  the 

; remaining  transducers,  first  and  last  calibration  data  are  presented. 

This  Celesco  pressure  transducer  design  diaphragm  thickness  is  adjusted 
to  yield  500/i  at  full-scale  pressure  for  each  of  the  pressure  ranges.  All 
metal  parts  are  brazed  together  at  1,700°F  and  hardened  before  gaging  to 
stabilize  the  metall  All  transducers  were  exposed  to  1,000  mechanical 
, strokes  and  thermal  cycling  before  the  static  calibration  (4.13)  was  ini- 

tiated at  zero  time. 

The  total  transducer  zero  shift  through  the  500-hr  burn-in  was  generally 
less  than  0.511!  of  fullscale  and  the  average  for  the  51  transducers  was  0.19X. 
Average  transducer  shift  at  full-scale  pressure  during  the  500-hr  burn-in 
was  0.27*.  These  shifts  in  electrical  output  include  both  the  contributions 
from  the  transducer  and  the  integral  electronics. 

All  measurements  are  within  the  specifications  ( 0.7511!  full-scale 
static  error)  for  these  P-95  transducers  which  were  developed  for  the 
f ' Lockheed  Missiles  and  Space  Company.  These  transducers  represent  state- 

[ of-the-art  in  simiconductor  pressure  transducers  for  Celesco  Industries. 


2.0  P-95  DATA  SUMMARY  FOR  SEVEN  TRANSDUCERS 

Electrical  output  of  seven  Celesco  P-95  transducers  was  monitored 
during  functional  testing  and  are  reported  in  Tables D57  through  D-80.  Beth 
data  before  and  during  the  burn-in  test  periods  are  presented.  Ambient 
temperature  zero  shift  comparisons  are  presented  between  the  initial  static 
test  at  zero  time  and  after  the  500-hr  burn-in  period.  These  seven  trans- 
ducers were  well  within  thei0.75X  acceptance  limit  after  the  burn-in 
period. 
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TABLE  D-57.  FUNCTIONAL  TEST  DATA  FOR  TRANSDUCER  S/N  250858 

T5243 


Room  Ambient 
Functional 

Test 

Number 

Test 

Tempera- 

ture 

Hours 

Zero 

(mV) 

0 

20 

Percent  Full-Scale 
Pressure  Output  (mV) 
40  60  80 

100 

4.13 

Static 

Ambient 

0 

-5 

1,002 

2,007 

3,009 

4,005 

4,998 

4.15 

Post  Temp 
cycle 

Ambient 

17.5 

1 

1,008 

2,011 

3,012 

4,007 

4,999 

4.17 

Post  VI b 
functional 

Ambient 

19.2 

-6 

1,001 

2,006 

3,009 

4,005 

4,998 

4.19 

Pre  Temp 
function 

Ambient 

37.2 

-2 

1,006 

2,010 

3,012 

4,008 

5,001 

4.21 

Post  Temp 
functional 

-10 

38.2 

-3 

1,005 

2,012 

3,016 

4,012 

5,006 

- 

- 

140 

39.2 

-13 

996 

2,002 

3,005 

4,002 

4,995 

4.21 

Function 

between 

Temp 

Ambient 

42.7 

-4 

1,001 

2,006 

3,008 

4,004 

4,998 

- 

- 

-10 

43.2 

0 

1,006 

2,012 

3,015 

4,011 

5,005 

- 

- 

140 

43.7 

-15 

994 

1,999 

3,002 

3,998 

4,992 

4.21 

Post  Temp 

function 

test 

Ambient 

48.0 

-6 

1,001 

2,006 

3,008 

4,004 

4,997 

Post  Burn-In  Test  Initiated, 

12/17/74 

4.23 

Post 

Burn-In 

functional 

test 

Ambient 

533 

0 

1,006 

2,001 

3,013 

4,009 

5,002 

Deviation 
from  Initial 
static  test 
at  0 hr 

A 

5 

4 

4 

4 

4 

4 

Ambient 
change  from 

Initial 

measurements 

XF.S. 

0.1 

0.08 

0.08 

0.08 

0.08 

0.08 
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TABLE  D-  58. FUNCTIONAL  TEST  DATA  OBTAINED  DURING  BURN>IN 
FOR  TRANSDUCER  S/N  250858 


T5244 


140®F 

OX 

Full-Scale  Pressure  Output  (mV) 

OX 

Hours 

SOX 

lOOX 

SOX 

72 

-13 

2,505 

4,997 

2,497 

-18 

120 

-12 

2,505 

4,997 

2,497 

-19 

168 

-12 

2,505 

4,999 

2,498 

-18 

216 

-13 

2,505 

4,997 

2,498 

-19 

264 

-12 

2,506 

4,999 

2,498 

-18 

296 

-13 

2,505 

4,999 

2,498 

-19 

340 

-14 

2,506 

4,999 

2,499 

-19 

408 

-12 

2,506 

5,000 

2,499 

-16 

456 

-12 

2,506 

5,000 

2,501 

-16 

480 

' -14 

2,505 

5,000 

2,499 

-18 

504 

-14 

2,506 

5,001 

2,500 

-18 

528 

-14 

2,505 

5,000 

2,499 

-18 

532 

-14 

2,505 

5,001 

2,499 

-18 

-loop 

96 

-1 

2,522 

5,018 

2,514 

-8 

144 

-2 

2,517 

5,009 

2,511 

-8 

192 

0 

2,518 

5,009 

2,512 

-5 

240 

0 

2,518 

5,009 

2,511 

-5 

288 

0 

2,517 

5,007 

2,511 

-6 

384 

0 

2,517 

5,000 

2,510 

-6 

432 

-2 

2,515 

5,007 

2,509 

-7 

I 
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TABLE  D-  39.  FUNCTIONAL  TEST  DATA  FOR  TRANSDUCER  S/N  250857 

T5245 


Room  Ambient 
Functional 

Test 

Number 

Test 

Tempera- 

ture 

Hours 

Zero 

(mV) 

0 

20 

Percent  Full-Scale 
Pressure  Output  (mV) 
40  60  80 

100 

4.13 

Static 

Ambient 

0 

0 

1,006 

2,010 

3,013 

4,010 

5,003 

4.15 

Post  Temp 
cycle 

Ambient 

17.5 

4 

1,010 

2,015 

3,017 

4,015 

5,008 

4.17 

Post  Vib 
functional 

Ambient 

19.2 

1 

1,008 

2,014 

3,016 

4,014 

5,007 

4.19 

Pre  Temp 
function 

Ambient 

37.2 

2 

1,007 

2,011 

3,013 

4,011 

5,003 

4.21 

Post  Temp 
functional 

-20 

38.2 

4 

1,012 

2,019 

3,023 

4,023 

5,017 

- 

- 

150 

39.2 

-23 

984 

1,991 

2,995 

3,995 

4,990 

4.21 

Function 

between 

Temp 

Ambient 

42.7 

1 

1,007 

2,011 

3,013 

4,011 

5,004 

- 

- 

-20 

43.2 

4 

1,011 

2,018 

3,022 

4,023 

5,017 

- 

- 

150 

43.7 

-24 

983 

1,990 

2,995 

3,995 

4,991 

4.21 

Post  Temp 

function 

test 

Ambient 

45.0 

-1 

1,003 

2,007 

3,008 

4,005 

4,998 

Post  Burn-In  Test  Initiated. 

12/17/74 

4.23 

Post 

Burn-In 

functional 

test 

Ambient 

502 

4 

1,011 

2,015 

3,018 

4,015 

5,007 

Deviation 
from  initial 
static  test 
at  0 hr 

A 

4 

5 

5 

5 

5 

4 

Ambient 
change  from 
initial 
measurements 

XF.S. 

0.08 

0.1 

0.1 

0.1 

0.1 

0.08 

TABLE  0-  6Q.  FUNCTIONAL  TEST  DATA  OBTAINED  DURING  BURN-IN 
FOR  TRANSDUCER  S/N  250857 


T5246 


140°F  Full-Scale  Pressure  Output  (mV) 

Hours  OX  SOX  lOOX  SOX  OX 


70 

-25 

2,485 

4,984 

2,482 

-27 

118 

-28 

2,492 

2,989 

2,485 

-26 

166 

-22 

2,492 

4,'’90 

2,485 

-24 

214 

-22 

2,492 

2,989 

2,486 

-25 

262 

-22 

2,4?3 

4,992 

2,488 

-24 

310 

-21 

2,496 

4,992 

2,488 

-23 

358 

-20 

2,498 

4,995 

2,491 

-22 

406 

-20 

2,496 

4,992 

2,488 

-23 

430 

-21 

2,496 

4,992 

2,490 

-23 

454 

-21 

2,494 

4,993 

2,490 

-23 

478 

-21 

2,492 

4,994 

2,491 

-23 

502 

-21 

2,492 

4,994 

2,491 

-23 

-10°F 

94 

7 

2,520 

5,012 

2,513 

6 

142 

7 

2,419 

5,013 

2,515 

5 

190 

7 

2,518 

5,012 

2,511 

6 

238 

8 

2,518 

5,014 

2,513 

7 

286 

8 

2,520 

5,017 

2,514 

6 

334 

10 

2,520 

5,013 

2,515 

0 

382 

8 

2,517 

5,015 

2,514 

6 
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TABLE  D-  61.  FUNCTIONAL  TEST  DATA  FOR  TRANSDUCER  S/N  250856 

T5247 

Room  Ambient 


Functional 

Test 

Number 

Test 

Tempera- 

ture 

Hours 

Zero 

(mV) 

0 

20 

Percent  Full-Scale 
Pressure  Output  (mV) 
40  60  60 

100 

4.13 

Static 

Ambient 

0 

-11 

1,021 

2,028 

3,031 

4,028 

5,021 

4.15 

Post  Temp 
cycle 

Ambient 

17.5 

-11 

1,021 

2,025 

3,028 

4,023 

5,016 

4.17 

Post  Vib 
functional 

Ambient 

19.2 

0 

1,010 

2,016 

3,020 

4,016 

5,010 

4.19 

Pre  Temp 
function 

Ambient 

37.2 

6 

1,018 

2,023 

3,026 

4,022 

5,016 

4.21 

Post  Temp 
functional 

-20 

38.2 

9 

1,025 

2,037 

3,045 

4,046 

5,043 

- 

- 

150 

39.2 

20 

1,033 

2,040 

3,045 

4,042 

5,037 

4.21 

Function 

between 

Temp 

Ambient 

42.7 

2 

1,011 

2,017 

3,020 

4,016 

5,010 

- 

- 

-20 

43.2 

5 

1,015 

2,023 

3,029 

4,027 

5,022 

- 

- 

140 

43.7 

21 

1,033 

2,040 

3,045 

4,042 

5,037 

4.21 

Post  Temp 

function 

test 

Ambient 

48.0 

1 

1,012 

2,018 

3,021 

4,017 

5,011 

Post  Burn-In  Test  Initiated, 

12/17/74 

4.23 

Post 

Burn-In 

functional 

test 

Ambient 

533 

8 

1,018 

2,025 

3,028 

4,025 

5,019 

Deviation 
from  initial 
static  test 
at  0 hr 

h 

-19 

-3 

-3 

-3 

-3 

-2 

Ambient 
change  from 
initial 
measurement 

XF.S. 

0.38 

0.06 

0.06 

0.06 

0.06 

0.04 

D-358 


TABLE  D-62.  FUNCTIONAL  TEST  DATA  OBTAINED  DURING  BURN-IN 
FOR  TRANSDUCER  S/N  250856 


T5248 


Pf  m 


140°F  Full-Scale  Pressure  Output  (mV) 


Hours 

OX 

50X 

lOOX 

50X 

OX 

72 

23 

2,546 

5,042 

2,537 

17 

120 

25 

2,549 

5,044 

2,540 

18 

168 

24 

2,548 

5,044 

2,539 

17 

216 

24 

2,549 

5,045 

2,540 

17 

264 

25 

2,550 

5,047 

2,540 

18 

296 

25 

2,550 

5,048 

2,541 

18 

340 

24 

2,550 

5,048 

2,542 

18 

408 

25 

2,550 

5,048 

2,542 

20 

456 

25 

2,551 

5,048 

2,545 

20 

480 

24 

2,551 

5,050 

2,543 

20 

504 

24 

2,551 

5,050 

2,543 

19 

528 

24 

2,550 

5,049 

2,543 

19 

532 

23 

2,550 

5,050 

2,543 

18 

U. 

o 

o 

1 

96 

22 

2,555 

5,060 

2,547 

14 

144 

15 

2,543 

5,042 

2,537 

10 

192 

17 

2,544 

5,042 

2,538 

12 

240 

17 

2,543 

5,040 

2,536 

11 

288 

17 

2,544 

5,040 

2,541 

18 

384 

17 

2,545 

5,042 

2,537 

12 

432 

16 

2,543 

s,on 

2,536 

11 

D-359 
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TABLE  D-63. 

FUNCTIONAL  TEST 

DATA 

FOR  TRANSDUCER 

S/N  25083 

T5249 

Room  Ambient 
Functional 

" Test 

i : Number 

Test 

Tempera- 

ture 

Hours 

Zero 

(mV) 

0 

20 

Percent  Full-Scale 
Pressure  Output  (mV) 
40  60  80 

100 

4.13 

Static 

Ambient 

0 

3 

1,008 

2,012 

3,010 

4,010 

4,998 

1 4.15 

4.17 

1 

Post  Temp 
cycle 

Ambient 

17.5 

8 

1,015 

2,020 

3,022 

4,020 

5,013 

Post  Vib 
functional 

Ambient 

19.2 

9 

1,014 

2,019 

3,021 

4,019 

5,013 

4.19 

Pre  Temp 
function 

Ambient 

37.2 

11 

1,020 

2,024 

3,026 

4,024 

5,017 

4.21 

Post  Temp 
functional 

-10 

38.2 

16 

1,029 

2,040 

3,047 

4,049 

5,047 

j 

L “ 

- 

140 

39.2 

20 

1,027 

2,031 

3,030 

4,026 

5,019 

4.21 

Function 

between 

Temp 

Ambient 

42.7 

11 

1,019 

2,024 

3,025 

4,023 

5,016 

- 

- 

-10 

43.2 

16 

1,02^ 

2,039 

3,046 

4,048 

5,045 

- 

- 

140 

43.7 

20 

1,026 

2,030 

3,030 

4,026 

5,019 

CM 

Post  Temp 

function 

test 

Ambient 

45.0 

10 

1,018 

2,024 

3,025 

4,022 

5,016 

Post  Burn-In  Test  Initiated, 

12/17/74 

:■  4.23 

i ’ 

Post 

Burn-In 
f uncti onal 
test 

Ambient 

502 

19 

1,028 

2,034 

3,036 

4,033 

5,026 

Devi  at ion 
from  initial 
static  test 
at  0 hr 

A 

16 

20 

22 

26 

23 

28 

Amb i ent 
change  from 

XF.S. 

0.32 

0.40 

0.44 

0.52 

0.46 

0.56 

initial 

measurement 

D-360 
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TABLE  D-64.  FUNCTIONAL  TEST  DATA  OBTAINED  DURING  BURN-IN 
FOR  TRANSDUCER  S/N  25083 


T5250 


140°F  Full-Scale  Pressure  Output  (mV) 


Hours 

0% 

S0% 

lOOX 

50X 

OX 

70 

30 

2,530 

5,020 

2,528 

27 

114 

33 

2,534 

5,019 

2,530 

28 

166 

38 

2,541 

5,026 

2,538 

35 

214 

33 

2,536 

5,021 

2,529 

31 

262 

32 

2,542 

5,026 

2,533 

28 

310 

38 

2,545 

5,026 

2,535 

33 

358 

44 

2,551 

5,032 

2,542 

40 

406 

32 

2,539 

5,020 

2,530 

29 

430 

33 

2,544 

5,029 

2,536 

29 

454 

36 

2,541 

5,020 

2,532 

34 

478 

33 

2,538 

5,025 

2,533 

32 

502 

34 

2,543 

5,023 

2,534 

31 

-lO^F 

94 

32 

2,558 

5,049 

2,545 

29 

142 

32 

2,548 

5,048 

2,545 

29 

190 

36 

2,555 

5,048 

2,544 

32 

238 

30 

2,533 

5,045 

2,544 

27 

286 

36 

2,557 

5,051 

2,549 

34 

334 

40 

2,560 

5,056 

2,555 

37 

382 

34 

2,554 

5,050 

2,548 

31 

r)-36i 
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TABLE  D-65.  FUNCTIONAL  TEST  DATA  FOR  TRANSDUCER  S/N  250862 

T5251 


Room  Amblenl 
Functional 

Test 

Number 

Test 

Tempera- 

ture 

Hours 

Zero 

(mV) 

0 

20 

Percent  Full-Scale 
Pressure  Output  (mV) 
40  60  80 

100 

4 

4.13 

Static 

Ambient 

0 

-4 

1,000 

2,006 

3,007 

4,007 

4,999 

j 

4.15 

Post  Temp 
cycle 

Ambient 

17.5 

3 

1,011 

2,018 

3,021 

4,021 

5,019 

4.17 

Post  Vib 
functional 

Ambient 

19.2 

4 

1,009 

2,016 

3,020 

4,021 

5,018 

i 

4.19 

Pre  Temp 
function 

Ambient 

37.2 

5 

1,015 

2,021 

3,024 

4,023 

5,020 

4.21 

Post  Temp 
functional 

-20 

38.2 

26 

1,036 

2,044 

3,049 

4,050 

5,048 

1 

- 

- 

150 

39.2 

-5 

1,005 

2,014 

3,020 

4,022 

5,022 

J 

4.21 

Function 

between 

Temp 

Ambient 

42.7 

4 

1,012 

2,019 

3,022 

4,021 

5,019 

1 

- 

- 

-20 

43.2 

25 

1,036 

2,043 

3,048 

4,048 

5,045 

- 

- 

150 

43.7 

-6 

1,004 

2,013 

3,020 

4,022 

5,023 

4.21 

Post  Temp 

function 

test 

Ambient 

45.0 

6 

1,015 

2,022 

3,025 

4,024 

5,021 

I 

Post  Burn-In  Test  Initiated. 

12/17/74 

4.23 

Post 

Burn-In 

functional 

test 

Ambient 

502 

15 

1,024 

2,032 

3,036 

4,035 

5,032 

Deviation 
from  initial 
static  test 
at  0 hr 

A 

19 

24 

26 

29 

28 

33 

Ambient 

%F.S. 

0.38 

0.48 

0.52 

0.58 

0.56 

0.66 

change  from 


initial 

measurements 


'I' 
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TABLE  D-66.  FUNCTIONAL  TEST  DATA  OBTAINED  DURING  BURN-IN 
FOR  TRANSDUCER  S/N  250862 


T5252 


lAOOp 

M 

Full-Scale  Pressure  Output  (mV) 

OX 

Hours 

SOX 

lOOX 

SOX 

70 

3 

2,526 

5,026 

2,514 

-1 

114 

7 

2,520 

5,025 

2,516 

1 

166 

11 

2,528 

5,031 

2,522 

7 

214 

7 

2,524 

5,028 

2,514 

1 

262 

5 

2,528 

5,031 

2,519 

1 

310 

11 

2,531 

5,032 

2,520 

7 

358 

18 

2,538 

5,038 

2,526 

11 

406 

5 

2,525 

5,028 

2,517 

0 

430 

6 

2,531 

5,036 

2,522 

2 

454 

9 

2,526 

5,026 

2,518 

4 

478 

6 

2,526 

5,031 

2,520 

3 

502 

6 

2,530 

5,031 

2,521 

4 

U. 

o 

o 

1 

94 

42 

2,561 

5,052 

2,548 

37 

142 

41 

2,555 

5,051 

2,548 

36 

190 

47 

2,558 

5,050 

2,546 

41 

238 

40 

2,556 

5,048 

2,545 

35 

286 

47 

2,562 

5,054 

2,554 

41 

334 

51 

2,565 

5,058 

2,556 

46 

382 

46 

2,560 

5,051 

2,551 

39 

■I 


TABLE  D-67.  FUNCTIONAL  TEST  DATA  FOR  TRANSDUCER  S/N  250860 


T5253 


Room  Ambient 


functional 

Test 

Number 

Test 

Tempera- 

ture 

Hours 

Zero 

(mV) 

0 

20 

Percent  Full-Scale 
Pressure  Output  (mV) 
40  60  80 

100 

4.13 

Static 

Ambient 

0 

0 

1,005 

2,010 

3,010 

4,010 

4,998 

4.15 

Post  Temp 
cycle 

Ambient 

17.5 

8 

1,016 

2,022 

3,024 

4,023 

5,017 

4.17 

Post  Vib 
functional 

Ambient 

19.2 

10 

1,015 

2,021 

3,024 

4,022 

5,017 

4.19 

Pre  Temp 
function 

Ambient 

37.2 

14 

1,022 

2,028 

3,030 

4,028 

5,022 

4.21 

Post  Temp 
functional 

-20 

38.2 

-1 

1,010 

2,022 

3,029 

4,033 

5,032 

- 

- 

150 

39.2 

1 

1,008 

2,013 

3,014 

4,010 

5,003 

4.21 

Function 

between 

Temp 

Ambient 

42.7 

12 

1,021 

2,026 

3,028 

4,026 

5,019 

- 

- 

-20 

43.2 

-1 

1,012 

2,022 

3,029 

4,032 

5,031 

- 

- 

150 

43.7 

0 

1,007 

2,012 

3,013 

4,010 

5,003 

4.21 

Post  Temp 

function 

test 

Ambient 

45.0 

12 

1,021 

2,027 

3,030 

4,028 

5,022 

Post  Burn-In  Test  Init iated. 

-12/17/74 

4.23 

Post 

Burn-In 

functional 

test 

Ambient 

502 

26 

1,025 

2,041 

3,045 

5,036 

Deviation 
from  initial 
static  test 
at  0 hr 

A 

26 

20 

31 

35 

26 

24 

Ambient 
change  from 
initial 
measurement 

XF.S. 

0.52 

0.40 

0.62 

0.70 

0.52 

0.48 

TABLF  D-68-  FUNCTIOMAL  TEST  DATA  OBTAINED  DURING  BURN-IN 
FOR  TRANSDUCER  S/N  250860 


140°F  Full-Scale  Pressure  Output  (mV) 

Hours  OX  BOX  lOOX  BOX  OX 


TABLE  D-69. 

FUNCTIONAL  TEST 

DATA 

FOR  TRANSDUCER 

S/N  250859 

T5255 

Room  Ambient 
Functional 

Test 

Number 

Test 

Tempera- 

ture 

Hours 

Zero 

(mV) 

0 

20 

Percent  Full-Scale 
Pressure  Output  (mV) 
40  60  80 

100 

4.13 

Static 

Ambient 

0 

5 

1,009 

2,014 

3,014 

4,015 

5,005 

4.15 

Post  Temp 
cycle 

Ambient 

17.5 

13 

1,020 

2,025 

3,027 

4,025 

5,019 

4.17 

Post  Vib 
functional 

Ambient 

19.2 

15 

1,019 

2,024 

3,026 

4,024 

5,019 

4.19 

Pre  Temp 
function 

Ambient 

37.2 

19 

1,028 

2,032 

3,034 

4,031 

5,025 

4.21 

Post  Temp 
functional 

-20 

38.2 

3 

1,014 

2,023 

3,028 

4,030 

5,027 

- 

- 

150 

39.2 

36 

1,043 

2,046 

3,048 

4,045 

5,039 

4.21 

Function 

between 

Temp 

Ambient 

42.7 

20 

1,027 

2,031 

3,033 

4,031 

5,025 

- 

- 

-20 

43.2 

2 

1,015 

2,023 

3,028 

4,030 

5,026 

- 

- 

150 

43.7 

36 

1,042 

2,046 

3,047 

4,045 

5,039 

4.21 

Post  Temp 

function 

test 

Ambient 

45.0 

16 

1,023 

2,028 

3,029 

4,028 

5,022 

Post  Burn-In  Test  Initiated, 

12/17/74 

4.23 

Post 

Burn-In 

functional 

test 

Ambient 

502 

28 

1,036 

2,042 

3,045 

4,043 

5,036 

Deviation 
from  Initial 
static  test 
at  0 hr 

A 

23 

27 

28 

31 

28 

31 

Ambient 
change  from 
Initial 
measurement 

*F.S. 

0.46 

0.54 

0.56 

0.62 

0.56 

0.62 

D-366 


TABLE  D-70.  FUNCTIONAL  TEST  DATA  OBTAINED  DURING  BURN-IN 
FOR  TRANSDUCER  S/N  250859 


T5256 


TABLE  D-71.  first  AND  LAST  CALIBRATION  FOR  300  PSIA  TRANSDUCER 


Room  Ambient 


Hours 

0 

20 

40 

60 

80 

100 

250841 

First 

0 

1 

1,008 

2,016 

3,020 

4,020 

5,014 

Last 

502 

16 

1,023 

2,031 

3,036 

4,036 

5,032 

250840 

First 

0 

4 

1,009 

2,015 

3,018 

4,018 

5,014 

Last 

502 

23 

1,027 

2,033 

3,036 

4,037 

5,034 

250839 

First 

0 

-6 

1,003 

2,009 

3,014 

4,013 

5,010 

Last 

500 

14 

1,026 

2,034 

3,038 

4,039 

5,034 

250838 

First 

0 

0 

1,004 

2,006 

3,004 

3,998 

4,988 

Last 

502 

7 

1,012 

2,013 

3,010 

4,004 

4,993 

250837 

First 

0 

0 

1,003 

2,005 

3,008 

4,010 

5,013 

Last 

502 

12 

1,018 

2,020 

3,020 

4,023 

5,025 

250836 

First 

0 

7 

1,008 

2,014 

3,014 

4,013 

5,009 

Last 

502 

22 

1,027 

2,034 

3,037 

4,037 

5,032 

250835 

First 

0 

-9 

999 

2,005 

3,008 

4,008 

5,005 

Last 

502 

2 

1,009 

2,015 

3,018 

4,019 

5,015 

250834 

First 

0 

5 

1,005 

2,011 

3,009 

4,009 

5,003 

Last 

502 

21 

1,027 

2,033 

3,035 

4,034 

5,028 

250833 

First 

0 

3 

1,003 

2,008 

3,010 

4,008 

4,999 

Last 

502 

4 

1,011 

2,016 

3,018 

4,015 

5,008 

T5257 


7/2/75 

8/6/75 


7/2/75 

8/6/72 


2/22/75 

3/27/75 


5/13/75 

6/26/75 


2/22/75 

3/27/75 


6/24/75 

8/6/75 


7/2/75 

8/6/75 


3/25/75 

5/15/75 


5/13/75 

6/16/75 


D-368 


TABLE  D-  71.  (Continued) 


Room  Ambient 


Hours 

0 

20 

40 

60 

80 

100 

250832 

First 

0 

8 

1,013 

2,014 

3,013 

4,007 

4,998 

2/22/75 

Last 

500 

35 

1,041 

2,043 

3,041 

4,036 

5,026 

3/27/75 

250831 

First 

0 

-12 

995 

2,001 

3,005 

4,006 

5,001 

5/15/75 

Last 

502 

-10 

998 

2,005 

3,008 

4,009 

5,005 

6/26/75 

250816 

First 

0 

3 

1,009 

2,012 

3,011 

4,007 

4,998 

11/18/74 

Last 

533 

5 

1,010 

2,014 

3,015 

4,011 

5,002 

12/17/74 

250817 

First 

0 

-1 

1,005 

2,009 

3,010 

4,005 

4,996 

11/18/74 

Last 

533 

4 

1,011 

2,015 

3,016 

4,012 

5,002 

12/17/74 

250818 

First 

0 

7 

1,006 

2,011 

3,013 

4,011 

5,005 

11/18/74 

Last 

553 

5 

1,014 

2,022 

3,026 

4,027 

5,022 

12/17/74 

250819 

First 

0 

7 

1,009 

2,019 

3,026 

3,026 

4,025 

11/18/74 

Last 

533 

6 

1,019 

2,029 

3,036 

4,037 

5,035 

12/17/74 

250820 

First 

0 

9 

1,018 

2,024 

3,026 

4,023 

5,016 

7/2/75 

Last 

502 

20 

1,029 

2,036 

3,039 

4,038 

5,031 

8/6/75 

250822 

First 

0 

-7 

996 

2,006 

3,007 

4,011 

5,008 

3/25/75 

Last 

502 

0 

1,009 

2,019 

3,025 

4,028 

5,026 

5/15/75 

250823 

First 

0 

4 

1,009 

2,017 

3,019 

4,019 

5,016 

6/24/75 

Last 

502 

16 

1,026 

2,034 

3,039 

4,039 

5,035 

8/6/75 

Room  Ambient 


TABLE  D- 71. (Continued) 


Hours 

0 

20 

40 

60 

80 

100 

250824 

First 

0 

-13 

995 

2,003 

3,007 

4,009 

5,004 

2/22/75 

Last 

500 

-9 

995 

2,X5 

3,006 

4,010 

5,005 

3/27/75 

250825 

First 

0 

-4 

1,003 

2,011 

3,016 

4,017 

5,010 

5/13/75 

Last 

500 

-3 

1,007 

2,016 

3,020 

4,020 

5,015 

6/26/75 

250826 

First 

0 

-7 

995 

1,999 

2,999 

3,994 

4,983 

5/13/75 

Last 

502 

1 

1,006 

2,009 

3,009 

4,004 

4,994 

6/26/75 

250827 

First 

0 

-8 

993 

2,001 

3,001 

4,002 

4,997 

3/25/75 

Last 

502 

-5 

1,002 

2,011 

3,015 

4,016 

5,012 

5/15/75 

250828 

First 

0 

-3 

1,003 

2,008 

3,011 

4,009 

5,003 

2/22/75 

Last 

500 

3 

1,005 

2,013 

3,012 

4,015 

5,007 

3/27/75 

250829 

First 

0 

11 

1,014 

2,022 

3,020 

4,021 

5,015 

3/25/75 

Last 

502 

22 

1,030 

2,038 

3,042 

4,041 

5,035 

5/15/75 

TABLE  D-72.  FIRST  AND  LAST  CALIBRATION  FOR  400  PSIA  TRANSDUCER 


T5258 


Room  Ambient 


Hours 

0 

20 

40 

60 

80 

100 

250842 

First 

0 

-4 

1,006 

2,013 

3,017 

4,018 

5,014 

11/18/74 

Last 

532 

-4 

1,005 

2,013 

3,019 

4,020 

5,017 

12/17/74 

250843 

First 

0 

-6 

1,001 

2,006 

3,008 

4,005 

4,996 

12/6/74 

Last 

504 

14 

1,022 

2,028 

3,031 

4,029 

5,021 

1/31/75 

250844 

First 

0 

-6 

998 

2,006 

3,013 

4,016 

5,013 

12/6/74 

Last 

504 

8 

1,012 

2,021 

3,029 

4,033 

5,032 

1/31/75 

250845 

First 

0 

-2 

1,003 

2,009 

3,012 

3,010 

5,002 

12/6/74 

Last 

504 

3 

1,011 

2,018 

3,022 

4,022 

5,015 

1/31/75 

250846 

First 

0 

4 

1,009 

2,013 

3,011 

4,007 

4,995 

2/22/75 

Last 

500 

33 

1,038 

2,041 

3,040 

4,035 

5,023 

3/27/75 

250847 

First 

0 

-7 

1,003 

2,010 

3,014 

4,015 

5,010 

5/13/75 

Last 

502 

5 

1,010 

2,013 

3,011 

4,005 

4,992 

6/26/75 

250848 

First 

0 

12 

1,012 

2,015 

3,019 

4,013 

4,999 

6/24/75 

Last 

502 

26 

1,032 

2,036 

3,037 

4,020 

5,025 

8/6/75 

250849 

First 

0 

-9 

1,002 

2,011 

3,016 

4,018 

5,014 

7/2/75 

Last 

502 

-4 

1,005 

2,014 

3,019 

4,008 

5,020 

8/6/75 

250851 

First 

0 

-3 

1,003 

2,007 

3,008 

4,005 

4,996 

5/13/75 

Last 

502 

9 

1,017 

2,022 

3,022 

4,020 

5,009 

6/26/75 

f 

i 
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TABLE  D- 72  (Continued) 


Room  Ambient 


TABLE  D-73.  FIRST  AND  LAST  CALIBRATION  FOR  600  PSIA  TRANSDUCER 


T5259 


Room  Ambient 


Hours 

0 

20 

40 

60 

80 

100 

250865 

First 

0 

-10 

1,000 

2,009 

3,016 

4,019 

5,017 

7/2/75 

Last 

502 

-3 

1,009 

2,016 

3,018 

4,016 

5,005 

8/6/75 

250866 

First 

0 

0 

1,009 

2,009 

3,012 

4,001 

4,991 

2/13/75 

Last 

504 

20 

1,026 

2,031 

3,032 

4,025 

5,015 

1/31/75 

250867 

First 

0 

3 

1,008 

2,012 

3,013 

4,009 

4,997 

2/22/75 

Last 

500 

18 

1,017 

2,029 

3,030 

4,020 

5,009 

3/27/75 

250868 

First 

0 

-20 

995 

2,000 

3,005 

4,008 

4,997 

3/25/75 

Last 

502 

-11 

1,002 

2,011 

3,019 

4,017 

5,013 

5/15/75 

250869 

F i rst 

0 

-2 

1,006 

2,013 

3,018 

4,020 

5,017 

7/2/75 

Last 

502 

0 

1,010 

2,013 

3,015 

4,010 

5,001 

8/6/75 

250870 

First 

0 

-2 

1,008 

2,016 

3,022 

4,024 

5,021 

7/2/75 

Last 

502 

13 

1,026 

2,030 

3,033 

4,029 

5,020 

8/6/75 

250871 

First 

0 

0 

1,008 

2,013 

3,014 

4,010 

4,998 

2/22/75 

Last 

500 

27 

1,029 

2,043 

3,046 

4,036 

5,024 

3/27/75 

TABLE  D-  74 


FIRST  m LAST  CALIBRATION  FOR  3.000  PSIA  TRANSDUCER 


Rooff  Ambient 


Hours 

0 

20 

40 

60 

80 

100 

250808 

First 

0 

0 

1,003 

2,005 

3,005 

3,999 

4,998 

Last 

504 

12 

1,016 

2,020 

3,019 

4,014 

5,009 

250809 

First 

0 

-4 

998 

2,003 

3,002 

4,001 

4,996 

Last 

504 

14 

1,015 

2,023 

3,021 

4,019 

5,011 

250810 

First 

0 

-5 

1,000 

2,002 

2,999 

3,991 

4,985 

Last 

505 

21 

1,026 

2,031 

3,023 

4,018 

5,010 

250812 

First 

0 

-17 

992 

1,997 

2,998 

3,097 

4,990 

Last 

503 

5 

1,015 

2,012 

3,007 

4,000 

4,992 

250813 

First 

0 

6 

997 

1,992 

2,993 

3,996 

4,996 

Last 

502 

17 

1,014 

2,009 

3,010 

4,014 

5,015 

250814 

First 

0 

-12 

984 

1,983 

2,986 

3,992 

4,995 

Last 

502 

3 

999 

1,997 

3,002 

4,008 

5,008 

First 

0 

-1 

1,001 

2,005 

3,006 

4,006 

4,998 

Last 

500 

9 

1,016 

2,019 

3,021 

4,019 

5,014 

I)-374 


T5260 


12/6/74 

1/31/75 


12/6/74 

1/31/75 


12/6/74 

1/31/75 


5/15/75 

6/26/75 


3/25/75 

5/15/75 


7/3/75 

8/6/75 


3/25/75 

5/15/75 


AD>A073  660  UNITED  TECHNOLOGIES  COrP  SUNNYVALE  CALIF  CHEMICAL  SY-«ETC  F/6  9/1 

THE  DEVELOPMENT  OF  IMPROVED  NORMAL  STRESS  TRANSDUCERS  FOR  PROPE-^TC(U) 
JUN  79  E C FRANCIS*  R E THOMPSON*  W E BRIGGS  F09611-75-C-0042 
UNCLASSIFIED  CSD-2548-FR-V0L-2  AFRPL-TR-79-34-V0L-2  NL 


2 0*4 

<873860 

B 

' : 

t . < *1 

' 1 \ ■( 

( f 1 1 

“ T f’  T t 

■ t ’ ' 

■isB 

i 

m ' 

C 

L 

,3r 

1 Sfc 

1 

1 

r 

-2 

irr* 

lit 

t 1 A 

UB 

iii^ 

fT“ 

1 

n 

\ ; 

:i 

. Gk'; 

I 

‘ j 

.-^•1 

1 T 

^ i>jira.w 

: 11^7  7 
dill  A- 

T ~ 

LI’ 

IJJ' 

i 

' f 

i 

— 

• 

1 ■ 

''rV; 

• ■»  p?,,- 

u 

- 

A 

i 

1 

’a 

1 1 

r 

r* 

II 

I' 

if 

!i: 

P 

MICROCOPY  RESOLUTION  TEST 

NATlOfMl  BUREAU  OF  STAI|tDARDS-l%3-/( 


TABLE  D-75.  PERCENTAGE  FULL-SCALE  ZERO  SHIFT  TWOUGH  BURN-IN 

AT  0 PRESSURE 


Design  Range 


Average 


300  psia 


0.190 


T5261 


400  psia 

600  psia 

3,000  psia 

0 

0.14 

0.24 

0.40 

0.40 

0.36 

0.28 

0.30 

0.52 

0.10 

0.18 

0.44 

0.58 

0.04 

0.46 

0.24 

0.30 

0.30 

0.28 

0.10 

0.24 

0.50 

0.36 

0.40 

0.04 

0.52 

0.20 

D-375 
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TABLE  D-76.  percentage  FULL-SCALE  SHIFT  TWOUGH  BURN-IN 
AT  20%  FULL-SCALE  PRESSURE 


Design  Range 


T5262 


300  psia  400  psia  600  psia  3,000  psia 


0.30 

-0.02 

0.18 

0.26 

0.36 

0.42 

0.34 

0.34 

0.46 

0.28 

0.18 

0.52 

0.16 

0.16 

0.14 

0.46 

0.30 

0.58 

0.08 

0.34 

0.38 

0.14 

0.32 

0.30 

0.20 

0.40 

0.42 

0.30 

0.44 

0.06 

0.16 

0.38 

0.56 

0.58 

0.06 

0.50 

0.02 

0.40 

0.14 

0.08 

.16 

.20 


0.22 

0.26 

0.34 

0 

0.08 

0.22 

0.18 

0.04 

0.32 


0.232 


i 
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1 

0.30 

0 

0.14 

0.30 

2 

0.36 

0.44 

0.44 

0.40 

3 

0.46 

0.30 

0.34 

0.58 

4 

0.14 

0.18 

0.22 

0.30 

5 

0.30 

0.56 

0 

0.34 

6 

0.40 

0.06 

0.28 

0.34 

7 

0.30 

0.42 

0.40 

0.28 

8 

0.44 

0.06 

9 

0.16 

0.30 

10 

0.58 

0.58 

11 

0.08 

0.52 

12 

0.04 

0.38 

13 

0.12 

0.04 

14 

0.22 

15 

0.20 

16 

0.24 

17 

0.26 

18 

0.34 

19 

0.04 

20 

0.10 

21 

0.20 

22 

0.20 

23 

0.10 

24 

0.32 

Average 

0.246 

I 


Design  Range 


PERCENTAGE  FULL-SCALE  SHIFT  THROUGH  BURN- 

IN 

AT  60X  FULL 

-SCALE  PRESSURE 

T5264 

300  psia 

400  psia 

600  psia 

3,000  psia 

0.32 

0.04 

0.04 

0.28 

0.36 

0.46 

0.40 

0.38 

0.48 

0.32 

0.34 

0.48 

0.12 

0.20 

0.28 

0.18 

0.28 

0.58 

-0.06 

0.34 

0.46 

-0.06 

0.22 

0.32 

0.20 

0.36 

0.64 

0.30 

0.52 

0.06 

0.16 

0.28 

0.56 

0.58 

0.06 

0.46 

0.08 

0.36 

0.12 

0.04 

0.26 

0.20 

0.36 

0.36 

0.40 

-0.02 

0.08 

0.20 

0.28 

0.02 

0.44 

Average 


0.2641 
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F 


TABLE  D-  79.  PERCENTAGE  FULL-SCALE  SHIFT  THROUGH  BURN-IN 

AT  BOX  FULL-SCALE  PRESSURE 

/ 

T5265 

t 

Design  Range  300  psia  400  psia  600  psia  3»000  psia 

TABLE  0-80.  PERCENTAGE  FULL-SCALE  SHIFT  TWOUGH  BURN-IN 
FULL-SCALE  PRESSURE 


•j 

;i 

I 

j 

;i 


r 


T5266 


Design  Range 

300  psia 

400  psia 

600  psia 

3,000  psia 

1 

0.08 

0.06 

-0.22 

0.22 

2 

0.12 

0.50 

0.48 

0.30 

3 

0.34 

0.38 

0.24 

0.50 

4 

0.20 

0.26 

0.32 

0.04 

5 

0.30 

0.56 

-0.32 

0.38 

6 

0.32 

-0.36 

-0.02 

0.26 

7 

0.38 

0.52 

0.52 

0.32 

8 

0.02 

0.12 

9 

0.10 

0.26 

10 

0.22 

0.60 

11 

0.30 

0.62 

12 

0.08 

0.32 

13 

0.40 

0.04 

14 

0.36 

15 

0.40 

16 

0.48 

17 

0.10 

18 

0.24 

19 

0.46 

20 

0.20 

21 

0.18 

22 

0.56 

23 

0.08 

Average 

0.2675 

51  TOTAL  UNITS 


I 

Ji 
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APPENDIX  E 


COMPARISON  OF  17-4  PH  AND  15-5  PH  STAINLESS  STEEL  PROPERTIES 
PRECIPITATION  HARDENABLE  STAINLESS  STEEL 

Selection  of  the  stainless  steel  for  the  transducer  body  was  partially 
made  using  information  provided  by  Republic  Steel  Corporation.  This  information 
is  printed  here  through  permission  granted  by  Republic  Steel  provided  in  the 
letter  appearing  on  the  following  page. 


i ; 
^ i 


•m 


steel 


Republic  Sieei  Corpoiation 

Qancral  ONIcm;  Republic  Building 

Market  Communications  anc  Advcrtis.r'c 
PO  Box  67  76 
Cleveland  OH  44t0i 


Tol  51fi/fi74.7inn 


LT  Young 

Maifhei  Conifpurticat'ons 
and  Advprh^mq 

HTS  Heckman 

U»M?CtOr 

Creative  Services 

SM  Gates 

Assistant  ManaQer 
Advertising 


Mr.  R.  E.  Thompson  April  17,  1979 

Research  Engineer 

Chemical  Systems  Division 

PO  Box  358 

Sunnyvale  CA  94088 

Dear  Mr.  Thompson: 

This  is  to  acknowledge  receipt  of  your  letter 
of  April  11  concerning  your  writing  of  a 
technical  report  to  the  Air  Force  Rocket 
Propulsion  Laboratory  at  Edwards,  California. 

You  further  state  in  your  letter  you  would 
like  to  include  in  the  course  of  your  report 
a Republic  Steel  product  bulletin  on  the 
comparison  of  17-4  and  15-5  PH  stainless  steel. 

You  may  use  this  letter  as  your  authority  to 
include  the  bulletin  in  your  report  providing 
the  credit  line  "Courtesy  of  Republic  Steel 
Corporation"  is  also  included  to  designate 
the  source  of  the  bulletin,  or  any  information 
contained  therein. 

Thank  you  for  this  opportunity  to  be  of  service. 
For  our  records,  we  would  appreciate  receiving 
a copy  of  your  report  when  issued,  if  possible. 

Very  t;:uly, 

— V J ' , 

^ V - f Y - v'  • . 

W.  R.  Bloom,  Jr. 

Account  Executive 

Market  Communications  and 

Advertising 

WRB/smm 
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rjhat  is  Prec?p=v:::isn  Kardsu'rig 


I’rcriiiilalHiii  llanlrning  ixa  mrlli> 
n<l  of  iiH-rraMng  liic  lianIwM  ami 
hlirnglli  of  a metal.  Allliougli  laMne 
varialiuniiare  a«-r>Mir)  willi  i>|a:riiir 
l)|K‘»,  (iem'rall)  it  ia  MaiHii|tliKlie«l 
l>>  a tlirrr  Mrp  liral  trratinenl  etMi- 
Msling  of: 

1.  SJiiliiMi  'I'rratiiiFal 

2.  Ka|H<l  (Itatling 

.1.  l^lnJIcal  Kehraling 

Tile  liral  alep  iif  precipitation 
liarilrning  involica  liealing  to  dia- 
aolvr  apcciallt  adiled  elciiienU  (or 
ci>in|iouiHl>)  toliirli  are  normally  in- 
-..liilile  at  room  lein|icralure.  Tliia 
metal  liealing  operation  ia  referred 
to  a*  toluliuii  treating  (nr  aolutioo 
annealing,  or  jiiat  annealing)  and 
niiglil  be  eoinpareil  with  the  ability 
of  Iwt  water  to  diaaolvc  more  aalt 
than  can  cold  water. 

The  aecond  aiep  invoivca  cooling 
tlic  metal  fact  enough  to  aaaure  re- 
tention of  tlie  aolutioo  effect  at 
rcom  temperature.  .Air  cooling  or 
oil  quenching  iiaiially  providea  ade- 
quate cooling  ratna  to  achieve  tbia 


«i/wTaal«rafcd  ao/irf-ao/ntion  romli- 
tion- 

'Hic  tliiril  atep  merely  invoivca 
rrln-aliiig  of  tlie  aiifier^alurated  met- 
al to  aumc  relatively  low  trying 
temperature,  auch  ac  900*  F,  for 
pcriiapa  one  liour.  'I1iia  rcliealing 
cffcctH  a uniform  Mib-mnTnaminc 
pnciitunium  of  the  Kiireial  elementa 
(or  eom|ioumla  of  tlieae  elemenii.) 
tlirougliout  the  atruetnre  of  tlie 
metal.  Thia  “Leya”  tlie  airucture 
by  inhibiting  tlic  ability  of  one 
plane  of  atoma  to  ali|>  over  anotlier 
(daiic  of  atoma.  ilirrehy  liardcning 
and  atrcnglliening  the  metal.  Pre- 
eipilalion  luinienitig  haa  occurred. 

Actually,  there  are  three  |irinei- 
pal  incchaniama  of  hardening  a 
metal:  work  hardening,  tranafor- 
mation  hardening  at  in  regular  ateel. 
anti  precipitation  hardening.  Pre- 
cipitation  hardening  ia  moat  aimilar 
to  work  hardening  bccaiiae.  general- 
ly. no  tranaformatinn  need  be  in- 
volved. Where  applicable,  there- 
fore, pracipitation  hardening  ia  the 


beat  nicclianiam.  in  that  iiniftirm 
hartlening  ia  achicvetl  withoiit  citlier 
tlie  rn|uircmciit  of  oolil  working,  ur 
tlic  ncecaMty  of  ilcaling  with  tlic 
firolilrinc  of  iliatortion  and  heavy 
araling  that  arc  aaMirialeil  with  the 
traiitformatiiHi  hardening. 

'I1ic  aging  tfinficrature  and  time 
■lelermine  the  ih-gri-e  of  aging  or 
lianlriiiiig  that  takea  place  by  in- 
fliicnring  tlic  aiac  anil  diatrihiition 
of  the  aub-inicroacopic  precipitate. 
If,  fur  e.viimplr,  a temperature  toine- 
wliat  above  tlie  tpcririol  aging  tem- 
perature fur  a apecifie  alloy  were 
iiM-d,  thccc  imb-mirro-ropii.  parti- 
elet  woiilil  uggloincr.nc  and  grow. 
Thia  would  “imkey”  tlic  hnrticned 
•triicture  and  tlie  metal  would  be- 
come softer.  Tbia  reaclioo  i*  ealled 
oviTHiging  and  could  lie  employed 
to  (often  (ucli  a liardeued  metal  if 
desired.  For  iIuh  Mmc  reason,  pre- 
cipitation liardened  metals  are  rel- 
flom  employed  where  service  tem- 
peratures woubi  exceed  Uie  pre- 
cipitation liardcning  (aging)  tem- 
perature. 


■m»n  n w ••• 

llu  J iuuL  .«  ls£tL iLn V Wffkwww..  . 


Republic  17-4  PH  and  lS-5  PH 
are  special  diromiiun — nickel — cop- 
per alloy  iuinleas  gradea  that  achieve 
their  strength  and  baldness  through 
a combination  of  a martcnaitic  tmna- 
formation  and  preeipiutioa  harden- 
ing. Relatively  high  percentages  of 
chromium  and  nickel  give  them  ex- 
cellent corrosion  resisunce — in  most 
upplicetioos  and  media,  comperahle 
to  that  of  Types  302  and  304.  Close 
oontrol  of  the  eompoaitioa  and  the 
addition  of  copper  permit  them  in 


be  hardened  by  low  temperature 
heat  treatment. 

Republic  17-4  PH,  although 
available  also  as  vacuum  arc  re- 
melted  ipudity,  ia  generally  sold  as 
an  air  melted  product  and  hat  bc- 
eome  one  of  the  most  widely  used 
of  all  tlie  sundard  PH  euioless 
grades— especially  where  longitudi- 
nal strength  is  reqiiirrd  in  ordinary 
tcctiua  aices. 

Rrpnblir  IS-5  PH,  produced  and 
markcleil  only  oa  vacunm  arc  re- 


inelteduiialitVj_is_s_jster_Hevelog^ 
ment  alloy  thiit  offers  all  the 
vjjnt»ges_o£_l2-jMMlj|iliis^^e\cvllciu 
transverse  toughness  and  very  goo<l 
forgeability.  ('I'lie  rlirim-irv  ol  Ke- 
niililie  IS.5  1*11  nrntlirallv  elimi- 
nales  g geconilary  structural  phase 
called  delta  ferrite  which  resulu  in 

jinjirovc«n»o|M»orkebilitv4\jici^^ 
remrlting  rohenres  ilurtility  and 
^toughnS^^nTawiirc^Ktt^^Ei^ 

lieavy  aectionk 
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Available  Conditions 


IImm  (radn  ar*  MinMlI)'  Mip- 
plird  ilie  SOLUTION  HEAT 
TREATED cumliiion  (CoatliiioD  A) 
wlwre  tlie  fabricatioa  call*  for  ma* 
chining,  welding  or  minor  cold  form* 
ing  operation*  lubaequent  to  per- 
forming »tep  3 (aging)  a*  outlined 
on  page  6.  (Part*  ahnuid  not  be 
pul  into  aervire  in  Condition  A.) 

If  the  fabrication  require*  forg- 
ing, llieae  grade*  are  tupplied  bjr 


the  mill  in  the  OyERACED  condi- 
tion to  cUmioate  tbe  poaaibUity  of 
cracking  upen  rapid  heating.  After 
hot  work,  part*  are  heat  treated  by 
naing  atep*  1,  2,  and  3 a*  outlined 
on  page  6. 

When  tlie  fabrication  require* 
nominal  cold  forming  and  developed 
•trength,  Kepnblic  17-4  PH  and 
15-5  PlI  can  be  fumiklied  by  the 
mill  in  one  of  the  more  ductile 
hardened  conditiona  auch  a*  CONDI- 


TION H I07S  or  CONDITION 
H 1150.  No  further  heat  treatment 
of  part*  it  required. 

Where  optimum  maehinabiiity  ia 
needed,  heat  treated  CONDITION 
if  1150M  may  be  ordered  froin  tbe 
mill.  Although  thi*  heat  treatment 
produee*  typical  mechanical  prop- 
ertie*  aligbtly  lower  than  Condition 
U 1150,  higher  propertica  cao  be 
developed  by  additional  heat  treat- 
ment after  machining. 


TYFiCAL  A??L!CAV::.i:3 


ValvCfk 

BuIih 

M'llor  J'it.'ftv 
Grarp 

)ri.'>lriiiii«*nf  Pari 
.Maiiflrclw 

I A|iaiii«l(*rw 

|*ri*(M*M*T  Slijfii- 
Pllin|t 

'I'lirbiiM* 

\ alv«*  S*aU 

Hullrr  Qiaiiii  Pill* 


CHEMISTRY  OF  REPUBLIC 

17-4 

PH  AND  15-5  PH 

17-4  PH 

iS-S  PH 

(renown)  I 

Carbon 

0.07  Mav. 

0.07  .Max. 

Manganoe 

1.00  Max. 

1.00  Max. 

Plioephoruu* 

...  0.04  Max. 

0.04  Max. 

Sulphur 

0.03  Max. 

0.03  Max. 

Silicon 

1.00  Max. 

1.00  M*.x. 

Nitrogen 

0.015  Max. 

0.015  .M«x. 

Clironiium 

15.50  -17.50 

1 l.OO  —15.50 

Nickel 

3.00  — 5.00 

3.50  — 5.50 

CoInmiMiini  plu* 

I'aiil.tlii'u 

0.15  — 0.45 

0.15  — 0.45 

Copper 

. 3.00  — 5.00 

2.50  — 4.50 

E-385 


ROOM  TEMPERATURE  MECHANICAL  PROPOrriES 
(Acceptable  for  Material  Spedficatioml) 
REPUBLIC  17-4  PH  AND  15-5  PH 


Rounds,  Htugons  and  Squares  (Condition  A) 

ami  Smaller 175,000  pai  max.  ultimate  tensile 

Over  3^*  t®  Vj* RC  38  max. 

Over  y/  to  3' HHN  341  max. 

Over  3* UllN  303  max. 


Sheet  and  Strip  (Condition  A) 

Up  to  0.18r  Thick SC  38  ma: 

Plate  and  Fiats  (Condition  A) 

0.187S'  to  3*  Thick BHN  341 1 

Over  3' Thick BHN  363  I 


In  Taklea  I and  II  are  lifted 
mechanical  propertiea  for  tlie  vari- 
ous agiu(  treatments  uliicli  ahould 
be  contiidered  (or  aprcilicalion  re- 
quirements and  which  ran  kr  ac- 


cepted. This  does  not  mean,  how- 
ever, tlut  customers  are  limited  to 
tliese  tem|>eratures.  For  their  own 
particular  use,  it  may  be  desirable 
to  vary  slightly  from  the  tempera- 


tures sbowB.  Informadon  regard- 
ing larger  sectioa  sixes  is  available 
upon  request. 


TABLE  I 

MINir;iUM  PROPERTIES 
Longitudinal  Direction  • • Intermediate  Location 
Krpublic  17-4  Pll  Up  to  8"  section 

Republic  15-5  ni  Up  to  12'  section 


145.000 

125.000 
13.0(1} 

45.0 


Omditiou 

H900 

11  925 

H 1025 

Ultimate  Tensile  Streugtli  - psi 
0.2%  Yield  Strength  - pai 
EJuiigatioii,  % in  2'  or  4 x D 
Reduction  of  Area  • % 

Drinell 

Rockwell 

Impart,  Charpy  V-Notch,  fl-lbs 

190.000 

170.000 
10.0(1) 

35.0 

388/448 

C 40/47 

s 

170.000 

155.000 
10.0(1) 

38.0 

375/438 

C 38/45 

5 

155.000 

145.000 
12.0(1) 

45.0 

331/401 

C 35/42 
15 

1 HllOO 

H 1150 

H 1150-M 

140.000 

115.000 
14.0(2) 

45.0 

311/354 

C 32/38 
25 

135.000 

105.000 
16.0(2) 

50.0 

277/352 

C 28/37 
30 

115,000 

75.000 
18.0(2) 

55.0 

I 255/293 

C 24/30 
55 

iM/racf  cimnnt  it  in  f/iis 

(1)  Vc'  stilt  el  -i/tHi  (iinjt’r  inick)  clim^atioai  i# 

(3)  Fnr  :i!t*'t*i  f’-.f*  (imtivr  .137*  iliirk)  miitiriffn  id  H%. 


TAnLI  II 

r/'IMIf.-.'.  ; !--C.’’E.'?Ti:.S 
7ransvcr>«,'  L'ireclion  (1) 


|!i'l''ii-lic  15-5  I'll 


I 'p  to  12'  section 


1 ConJikuHi 

II  900 

II  925 

11  1025 

If  1075 

II  1100 

L'lliiii.ile  Teiitilc  Strength  - psi 

190,000 

170.000 

155.000 

145.000 

140.000 

0.2%  Yield  Strength  . psi 

170.000 

155,000 

1-15,000 

112,000 

115,000 

Elongation.  % in  2'  or  1 x D 

6.0 

7.0 

8.0 

9.0 

10.0 

Reduction  of  .Area  - % 

IS.O 

20.0 

27.0 

28.0 

29.0 

Drinell 

388/418 

375/138 

331/101 

302/375 

311/364 

itorkwril 

Imparl,  Charpy  V.Xnidi,  ft-lhs 

C 40/47 

C 3U/45 

C 35/42 

C 31/39 

C 32/38 

InU-riiirdialK  laaratinn 

0 

0 

10 

15 

IS 

11  1150  11  IISO-M 


imfmn  rrtnnMd  Im-  mrxvptr^  in  Mi* 

(I)  '1  rjnmrrf^  m* • Itjiiii  jt  |sp«t|ie'flis‘»  iipr  mil  ipiaranirfql  twi  17 • I 1^11  tiiitrM  «rJs‘rr«|  V •|«iRliik . 


TYPICAL  ROOM  TEMPERATURE  LOflGITUDINAL 
MECHANICAL  PROPERTIES  OF  REPUBLIC  174  PH  AND  15-5  PH 


Pc«|WTtT 

Oanliliaa 

A 

Conililioo 
U IMKl 

Cantlitiaa 
a 92S 

Con«litiM 

11  iu:» 

CaodiiK* 

a 1V7& 

CaaJiiiaa 
H IKK) 

Caoalitiaa 
U llSU 

Condition 

u n^.M 

L'liimale  Trarilc  Sirenptli,  p*i  

130.000 

200,000 

190,000 

170-000 

163,000 

130,000 

143,000 

123,000 

Vi«M  Strenptli,  fMi 

Tension  

no.ooo 

185,000 

173,000 

103.000 

130,000 

135.000 

125,000 

83,000 

Llonpaiioa  in  2',  ^ 

10 

14 

14 

IS 

16 

17 

19 

22 

Keiluriion  in  Area,  % 

43 

50 

54 

56 

58 

58 

60 

68 

ilanlne** 

Rockwell  C 

44 

42 

38 

36 

34 

33 

27 

Brinell 

S32 

420 

409 

332 

341 

332 

311 

277 

lni)>act  Strength 

Cbarp)  V-5>oirh.  fl.  Ika 

... 

20 

25 

33 

40 

45 

50 

100 

Kaiipue  Strength.  p*i 

10  X 1((*  Cvcie* 

- 

90.000 

83.000 

80,000 

73,000 

100  X 10*  Cvcie* 

— 

00,000 

— 

— 

— 

— 

— 

— 

Toreional  Ullimaie  ^‘Irenplh.  pei 

— 

— 

— 

— 

— 

— 

125,000 

— 

'loTMunal  FUftic  Limit.  ]•*■ 

— 

— 

— 

— 

52.000 

TYPICAL  ROOM  TEr.'-.PEnATUr.E  THAMSVEr.SE 
MEC^:A^:!CAL  PKCFBRIIK3  Or  n“.FUEL!C  13-5  FH 


Ptoptity 

CeaJilioa 

A 

Condition 
li  900 

Condition 

U92$ 

Cofiilifion 
II  t02S 

CnnditMB 
li  1U7S 

Condition 
H WOO 

Cijnditioii 
|{  IISO 

Condiiioo 
H USO-M 

L'ltimate  Tcuile  Strenptli.  p*i 

130.000 

200.000 

190.000 

170.000 

103.000 

150.000 

145,000 

125,000 

1 ieltl  (0.2%)  Strength,  pai 

TeoMoo  

110,000 

183.000 

173,000 

163.UO0 

130,000 

133.000 

125.000 

83.000 

Kloagation  in  2',  % 

10 

10 

11 

12 

13 

14 

IS 

18 

Reduction  in  Area,  % 

43 

30 

35 

42 

43 

44 

43 

50 

HardncM 

Rockwell  C 

41 

42 

38 

36 

34 

33 

27 

BrincU 

332 

420 

409 

352 

341 

332 

311 

277 

Impact  Strength 

Umrp}  V.Notch,  ft.  Iba.* 

8 

12 

25 

25 

25 

45 

FaUgiie  Strength,  pai 

10  a 10*  Cydaa T.' 

- 

90,000 

85,000 

80,000 

75.000 

100  X 10*Cyclea 

— 

80,000 

— 

— 

— 

— 

— 

— 

Toraional  Ultimate  Strength,  pai. ..... . 

— 

— 

— 

— 

— 

— 

125,000 

— 

Tonional  FlaMtic  lamit,  pai 

— 

— 

— 

— 

52,000 

*NM<k  Hi*  trtmrmm—  lalrraMdiaM  IniliHb 


TYPICAL  ELEVATED  TEMPERATURE  LONGITUDINAL 
MECHANICAL  PROPERTIES  OF  REPUBLIC  17*4  PH  AND  15-5  PH 


STRESS-RUPTURE  PROPERTIES 
in  Conditions  H 300  and  H 1075 


too  ns. 

H900 

II 107S 

H900 

B 107S 

B 900 

B I07S 

.StrcMs  piii 

162.000* 

i.3:.ooo 

1.36.000 

rT26.ooo 

140.000 

108,000 

Elongation, 
in  2 in. 

3.0 

3,5 

3.0 

4.0 

4.0 

6.0 

Reduction 
of  area,  ^'c 

7.0 

14.5 

7.0 

15.5 

8.0 

16.0 

Snass  TO 

Hvm  as  in 

1000  ns. 

-Stress,  p/i 

15T.000* 

134.000 

130.000 

123.000 

128.000 

103.000 

Elongation,  psi 
^ in  2 in. 

2.0 

3.0 

2.0 

3.5 

4.0 

5.5 

Reduction 
of  area,  “Tc 

6.0 

14.0 

6.0 

15.0 

6.0 

15.0 

*E»r«pal«ied  Ititm  600*  to  9<m*  F dau. 


CREEP  STRENGTH 
in  Condition  H 900 


Simctt,  rti.  FOB  Tmpcraturr 

CKBcr  B4TC  «r  600*  F 700*  F BOO*  F 900*  F 


0.1®^  in  1000  hrs. 

135.000 

105.000 

60.000  ! 23.000 

0.01%  in  hr*- 

125.000 

100,000 

43.000  i — 

Republic  17^  PII  and  IS-S  PH 
retain  a high  proportion  of  their 
•trength  at  temperatures  up  to 
900*  F.  Typical  ahort>time  proper- 
tiea  are  alMwn  on  Page  10.  For  serv- 
ice tempcralureii  in  excess  of  600*  F.. 
the  creep  and  stress  rupture  strength 
may  be  a major  design  factor. 


i 

I 

t 

1 


tow  TE?flPERA.TUSE  PROPERTIES 
OF  REPUCLiC  17-4  Pit  AND  15-5  PH 

Republic  17-4  PII  ami  1.S-.S  I’ll  maintain  -nnd 
durtilirv  nt  lov.  ifm|irrBluri'.‘.  Nii -cneral  'lalenicnt 
eaii  lie  niinl-  rogardin;  pf-fiTre'l  heal  lrrarmfnl>  for 
low  leiiifM'ratiire  applic.iliofi.s  iiint  h ilejuriKl.s 

on  ilesigu  roipiirenieiit*.  llowetiT,  llie  foll-'uiiij;  low 
lenip'.'raliin'  limits  arc  sU|^'!!oie<l: 

II  900  If  lOdgliiii.ss  is  H •l•'l.i<'tl  eiiierion,  this 
lieat  ireaiiiieMt  slioul.l  l>.'  n-i-il  with 
rautiun,  rrg-U'ii!r-s  of  lciii|H'ialure. 

II  92-S  Down  •«  0*  I'  for  }:>‘ni-rnl  ux-.  i'tir  mm- 
impai'l  a|*|>lieatH*n-.  nwfitl  at  l<'ni|n'ra* 
lures  as  ktw  as  — :tJ0*  I-'  (for  rx.'inple. 
valve  seats). 

II  IPSO  Down  to  — 110*  l■M)e-lj;ll  with raiilNin 
when  bar  diameters  e\eci  <!  I*  nl. 

II  IISO-M  Down  to  -320*  F. 


I'or  erilieal  ertogeiijc  ati|ilii‘rtlinii-.  I»e|ii!|'lie  l.x-.» 
PII  -*ii)i4ii  he  ■:iveii  |ireferi-i|ee  lo  i-r  IT-1  I ’ 1 hiM^Mi^^ 

_A>jjioMiejiHTr>|>rrl(es: 


Comperison  of  Lovi  Temperature  Impact 
Stiengths  of  17-4  PH  in  Various  Conditions 


buj>set_Stren£lhj_fr-I^ 


Test 

Trm|iersiure, 
Degrew  K 

H 92S 

e 

II  1025 

• 

Condition 

HUSO 

• 

H 1 150..M 

• •• 

75 

30 

75 

95 

105 

95 

10 

16 

58 

93 

— 

85 

- 40 

9 

40 

76 

— 

75 

-no 

5.5 

15 

48 

— 

65 

-175 

— 

— 

— 

— 

35 

-250 

— 

- 

18 

-320 

3.5 

4.5 

6.5 

28 

5 

-Trs-I  ssHt|ili‘s  from  1*  Ifniin*!  Hrr  fmfiliilinil  Direction 
**’rvtl  Mmi-lix  from  I'  Itwinil  Her— Loogiliiiliosl  Dircclioo 


Typical  Mechanical  Properties  of  17-4  PH 
at  Lov/  Temperatures 
(Condition  H IICO) 

Tnst  Elaogi- 

1Vhi|>  UTS  0.2%  YS  tioo 

l~  psi p»i % ■"  2* 


75 

150,000 

135,000 

17.0 

32 

193,000 

183.000 

16.0 

- 40 

203,000 

189,500 

15.5 

- 80 

209,000 

196,000 

15.0 

-320 

248,000 

243,000 

8.0 

TYPICAL  ELEVATED  TEMPERATURE  PROPERTIES 
REPUBLIC  17-4  PH  AND  15-5  PH 

CONDITION  H 900^  AND  H 1025 

(Short  Timo  Longitudinal  Mochanical  Proportios) 


E-390 


!■*  'MlONilH  OWU  0 

HJOHMII  11KN11  HVWUin  « U HI  NOUVONOU 


ItOMO 


IMJOOO 


i40/)oe 


110,000 


10 


1« 


tl 


TYPICAL  ROOM  TEMPERATURE  PROPERTIES 
VACUUM  ARC  REMELTED 
REPUBLIC  15-5  PH 

VARIOUS  CONDITIONS 

25  in.  Round  Full  Suction  Tronovoroo  Tooto 
(Hoot  Trootod  no  couponc) 


m 

t: 


te 


ID 


I 


s 


u 


40 


H *00  N 1000  H lOSO  N MOO  N IIM 


CONDITION 


UOUCTION  O*  AUA,  % 


1 


PHYSICAL  FROPERTJr.S  OF  r^ErUBLIC  lY-l  PH  AND  15-5  PH 


CandiliM  Cmulhioa  tMulitioa  CmhIiImii 

A 11900  II  I07S  II  I ISO 

(Slifnclie)  (MapMlie)  (MaKurtk)  (Mafnrlic) 


Deusity.  crams  per  cu.  cm 

Iba.  per  cu.  inch 

7.78 

7.80 

7.81 

7.82 

0.280 

0482 

0483 

0484 

Electrical  Raaislitrity,  microlim<m 
Magnetic  Permeability  at 

100  oersteds 

98 

77 

74 

90 

88 

59 

at  200  oaisleds 

48 

56 

52 

38 

Maximum 

Mean  Coeffideni  of  Thermal 
Expansion 

10'*  inebes  per  inch  per  *F. . 
—100  to  to*  F 

95 

135 

136 

71 

— 

53 

— 

6.1 

70.200*  F 

6.0 

6.0 

6.3 

6.6 

70400*  F 

6.0 

6.1 

64 

6.9 

70400*  F 

6J 

64 

6.6 

7.1 

70400* 

'fliermal  Conductivity 

Utu  per  lu*.  per  sq.  fu  per 
inch  per  *r  at 

300“  r 

63 

64 

6.8 

74 

124 

500°  F 

— 

135 

— 

— 

860°  F 

— 

156 

— 

900*  F 

— 

157 

— 

— 

Specific  Heat 

Btu  per  lb.  per  *F 

0.11 

0.11 

32412* 

— 

— 

Modulus  of  Clastieity,  pai 

284  X 10* 

Tension 

— 

— 

Toiaion 

— 

114  X 10* 

10.0  X 10* 

10.0  X 10* 

Poisson’s  Ratio 

— 

472 

472 

.272 

l.l.vSriTriZATION  DATA 
(Condition  H 900) 

ricM  Strength  (U)  Indnctwa  (D) 
Ocntr^o  Cmmc* 


10 

430  to  600 

25 

2000  to  2.900 

50 

6150  to  7400 

75 

7850  to  9.100 

100 

8900  to  10.000 

150 

. to  11400 

200 

. to  12.000 

HYSTEPvESIS  DATA  (1) 


ELEVATED  TlIiCFEr- TUItES 

i.'.p,:.ULUs  O’  i;la*ticity 

Tile  motiulua  of  elantieity  of  I7*4  PH  oDtl 
1S*S  PH  at  rle>aieil  temperaturea  can  be 
coDvcoiently  exprrsavd  at  a per  cent  of  room 
temperature  mntliilue.  At  temperatures  rang* 
in»  from  room  to  000°  K l liia  material  thow^ 
the  following  uiotliilu*  of  elasticity. 


Trmperaturr  Modiiloa  nf  Elaattcit;- 

* F (%  u(  Hoom  Temi*.  Modulus) 


72 

100.0 

100 

99.6 

97.8 

964 

400 

94.7 

500 

93.0 

600 

91.4 

(Condition  H 900) 

Coercive 

Fueve  (lie) 29  Oersteds 

Reaid  ual 

Induction  (Rr) . . 5200  Gausses 

(I)  Oblaionl  fm  s aaalainaa  induction 
of  lO.MW  fausaas.  Values  represent 
the  saapir  ptving  the  laseM  rtanit  in 
aagnetisatian. 


GALLING  AND  SEIZING 


Laboratory  tests  indicate  tliat  IT-d  PH 
and  IS-S  Pll  ol  various  hardneas  ievals  in 
contact  with  cadi  other  have  exedient  re- 
aiatance  to  galling.  Tliis  combination  has 
mtK'h  biglier  rcsistanee  to  galling  than  1V4 
stainless  against  itself  or  other  hsrtlenabie 
stainlesa  steels.  .\e  is  nstial.  the  ililTercatial 
of  hardneas  between  parts  is  an  advantage 
as  well  as  employing  parts  witli  a smooth 
finish. 


E-392 


E-393 


PnCCESS  ANNEALING, 

HEAT  TREATING 
AND  DESCALING 

VhM  174  PH  or  1S4  PH  ia 
ptirehaaed  in  tba  Mhition  linnlad 
eoodition  anil  hbneatad  by  sm- 
chiai^  or  other  rooM  temperature 
ayatema,  only  the  aimple,  1^  tew* 
peraiurc  (900  to  IISO*  F)  piecipiu* 
lion  harticning  beat  treatment  ia  ra< 
quiredl.  A tranaparent  “heat-tint” 
type  of  arale  ia  formed  which,  if 
neecaaary,  can  be  removed  by  dip- 
ping in  a 10%  nitric-2%  hydro- 
fluoric (by  volume)  acid  aolntion 
at  110  to  140*  F. 

If  the  material  ia  hot  worked, 
aueh  aa  by  forgiug,  liowever,  it 
abould  be  re-eolu(ion  treated  prior 
to  aging.  Tbia  ia  performed  by 
bolding  at  1900*  F ± 25*  F for  one 
hour,  teparaled  for  air  cooling  to 
room  tem|>eraturc,  rten  qucnclied 
into  cool  niiioing  water  (l>elow  80* 
F)  to  inaurc  uniform  rraponae  to 
beet  treatment.  Dcacaliiig  ia  then 
acrompliahetl  by  grit  blaating  and/ 
or  pickling  in  10%  nitTic-2%  hydro- 
fluoric acid  (by  volume)  aolution  at 
110  to  140*  F,  aimilar  to  other 
atainlcm  gradaa. 

The  uae  of  fuaed  aalta  aa  pickling 
aida  ia  normally  avoided  aa  they 
frequently  operate  near  tlie  precipi- 
tation hardening  temperaturea  of 
tliia  grade.  However,  if  machining 

MACHINING 

liepiihlir  17-1  PH  ami  15-5  PH 
can  In-  readily  maidiiiml  in  IhiiIi  llir 
aoliilHin-lreate«l  and  varNNW  |wrri|ii- 
latiun  haolcnetl  ci>iidili«Mi».  Surface 
rini«h  in  very  good  ami  rhaa-  loler- 
aner*  ran  be  liehl.  However,  the 
oiarliinahilily . partirularly  macluo- 
iiig  -iicedit  and  feed>  varica  with  tlir 
lieal  treat  mmlilinn. 

Normally,  tlieer  grade*  arc  ma- 
chined in  tlie  aolulinn-trealetl  ron- 
dilion  (Ouiditiou  .4)  to  final  dimen- 
aion*  because  then,  only  tlie  aimple 
low  iem|irrature  aging  treatment  ia 
m|uired  to  produce  tin-  denired  com- 
bination of  mechanical  |wopertie*. 

Machinability  in  tlie  fully  lieat 


after  aolution  trentia^  ia  not  re- 
quired, tbo  rantrelfed  am  of  fuaad 
aalt  pickling  aida  at  tba  preeipila- 
tioa  hardening  temperatum  could 
be  oaacuiTcotly  uaad  to  acoompliab 
tha  peedpitation  hardcaii^  heat 
treatmaot. 

If  a fuaed  aah  pickli^  aid  ia  iiaed 
aubacqueat  to  a noraaal  completed 
heat  troatiag  cyclo,  bowevar,  ita 
operating  temperature  must  net  ei- 
eoad  the  predpitatioB  hardening 
temperature  bora  uae  the  atrangtb 
of  tba  steel  will  be  impaired. 

Dir.'lENSiONAL 

CHANGES 

U'bcn  Republic  174  PII  or  IS-S 
PH  is  beat  treated  from  Condilfon 
A to  any  of  the  hardened  conditiona, 
a dimensional  cnotractimi  of 0.0004*. 
0.U006'  per  inch  occurs. 

ncrausc  of  it*  helter  forerahilitv, 
Jly>iibli^l5-5PHitreTOiiimcndcd 
jivcr_J74_l^.  Forging  billet*  of 
eitlicr  grade  aliould  be  aup|dicil  in 
the  overaged  conditicA  to  eliminate 
the  possibility  of  cracking  due  to 
tlicrmal  or  other  atreaaei  Heating 
practiem  are  similar  to  those  of  the 
uilier  liardenable  suinleaa  gradm 
cM-cfit  that  an  elTort  must  be  made 
to  heat  fairly  rapidly  through  the 
1 750  to  1850*  F temperature  range. 
.Similarly,  an  attempt  should  he 
msde  net  to  liot  work  the  etccl  et 

treelcd  rundition  varies,  of  courne, 
with  the  herdneiw  (controlled  by  tlie 
aging  temperature).  While  tlie  ma- 
rhinabilily  of  product  in  Comlitioa 
11-900  i*  liniiinl,  her*  in  one  of  the 
hiw  rr  strength  conditions  (Condition 
H-llOOorll-1150)  will marhinerven 
better  than  tlwMie  in  Condition  A. 

Wlierr  o|itinium  marhinahility  ia 
needed.  Republic  1 7-1  PH  and 
15-5  PH  can  be  supplied  in  fully  lieat 
treated  Conditioa  H-1150M.  .M- 

llmiigh  the  incehanical  properties  in  • 
this  condition  arc  slightly  lower  ilian 
in  Condition  H-1150,  the  maebin- 
ability  w noticeably  improved. 

The  relative  machinability  on 
automatic*  in  tlie  variou*  conditioas 
is  m foHowa: 


umperatnm*  bdow  1850*  F.  Ilie 
lenaon  i*  «&nt  ooppor  temia  to  pre- 
eipitato  in  this  range,  thereby  possi- 
bly causing  forging  aud  heat  ueat- 
ing  dilBeultie*.  'Ilie  recommended 
initial  forging  temperature  range  ia 
2150  to  2200*  F.  After  forging,  the 
pnrta  muat  be  separated  for  uniform 
air  eooling  to  roam  Umperaturt. 

WELDING 

Although  174  PH  ami  15-5  PII 
are  hardcnablr  atainleta  atoela,  their 
asetallurgical  structure  and  method 
of  hardeniqg  eliminate  the  welding 
problems  encountered  with  regular 
hardeaable  atainlem  steeh.  Suod- 
ard  production  methoda  are  used  to 
fusion  or  reaistanoa  weld. 

Soiiml  wdds  are  aaaily  made  by 
any  of  the  are  and  resietanoe  pro- 
eeaaea  used  fur  staioleaa.  Welding 
pmccilurea  are  essentially  the  same 
aa  those  used  for  the  chromium- 
nickcl  type*.  No  preheating  ia  re- 
quired bccauae  the  very  low  carbon 
content  of  the  alloy  rmtricta  the 
hardiiewi  of  rapiilly-coolcd  metal 
and  preveiiu  the  formatiun  of  cracks 
in  the  weld  metal  eud  lieat-allected 
sons  of  the  base  mctaL 

Excellent  weld  elRciencie*  are  ob- 
taineil  in  174  PIf  and  l5-5  PII 
wridmrnta.  Pmperliea  in  tlie  weld, 
comparable  to  those  of  the  pareut 
mclal,  call  lie  iditained  by  suitable 
poslwchl  Iwat  ireatmenL 

Cooditioii  11-900  Cutting  Rale 

20/30  SFP.M 

(amdilion  A Cutting  Rate 

70/80  SFPM 

Condition  11 -1 100  Cutting  Rale 

80/90  SFPM 

Condition  H-1I50M  Cutting  Rate 
100/130  SFPM 

In  any  of  tlie  various  condition*  it 
is  absolutely  cMcntial  tliat  the  heavi- 
est equipment  available  in  good  mr- 
clianical  condition  be  used  to  mini- 
miae  vibration  aod  chatter.  Turn- 
ing tools  should  be  used  wherever 
poaaible,  instead  of  form  tools.  Oil 
is  the  preferred  coolant  and  carbide 
tools  should  be  used  where  possible 
instead  of  bigli  spaed  tools. 
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APPENDIX  F 

ARMCO  DATA  - 15-5  PH  VAC  CE 

Selection  of  the  stainless  steel  for  the  transducer  body  was  partially 
made  using  information  provided  by  Armco  Steel  Corporation.  This  information 
is  printed  here  through  permission  granted  by  Armco  Steel  provided  in  the 
letter  appearing  on  the  following  page. 


ARMCO  INC. 

GENERAL  OFFICES  * MIOOLETOWN.  OHIO  ASOA3 


ADVERTISING  AND 
CREATIVE  SERVICES 


April  17,  1979 


Mr.  R.  E.  Thompson 
Research  Engineer 
Chemical  Systems  Division  of 
UNITED  TECHNOLOGIES 
Box  358 

Sunnyvale,  California  94088 
Dear  Mr.  Thompson; 

Thank  you  for  your  April  11  letter  explaining  your 
desire  to  publish  Armco  data  in  a forthcoming  technical 
report . 

You  are  hereby  granted  permission  to  publish  the 
bulletin  and  data  comparing  17-4  PH  and  15-5  PH  for 
the  purpose  described  in  your  letter. 

Cordially, 


M.  Rains 

Advertising  Group  Manager 
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Armco  15-5  PH  VAC  CE 
Precipitation-Hardening  Stainless  Steel 
Bar,  Wire  and  Forging  Billets 

Armco  15-5  PH  VAC  CE  is  a precipiution-hardening  sUinless  steel  that  offers  a unique  com- 
bination of  high  strength  and  hardness,  excellent  corrosion  resistance  plus  excellent  transverse 
toughness  and  good  forgeability. 

Armco  15-5  PH  stainless  is  produced  by  consumable  electrode  vacuum  arc  remelting 
(designated  VACCE).  Armco  15-5  PH  VAC  CE  sUinless  steel  is  virtually  “ferrite  free." 
Consequently,  it  has  good  transverse  notch-toughness  and  forgeability.  In  severe  upset  forging 
or  hot  flattening  operations  where  splitting  or  rupturing  are  encountered  with  high  strength 
steels.  Armco  15-5  PH  VAC  CE  sUinless  offers  valuable  advantages,  lu  forgeability  is 
superior  to  Armco  17-4  PH  sUinless  steel. 

Fabrication  practices  for  Armco  15-5  PH  VAC  CE  sUinless  are  generally  the  same  as  those  es- 
ublished  for  Armco  17-4  PH  sUinless  steel.  Most  techniques  are  similar  to  those 
recommended  for  Ue  regular  grades  of  sUinless  steel.  Hardening  heat  treatments  require 
temperatures  of  only  900  F (482  C)  to  1150  F (621  C),  depending  on  the  properties  desired.  As  a 
result,  scaling  and  distortion  difficulties  are  virtually  eliminated.  Armco  15-5  PH  VAC  CE 
sUinless  has  good  machining  properties.  Excellent  surface  finish  can  be  produced  with  conven- 
tional tooling 

Th#  mierniaiiefi  end  dau  set  lorth  In  Ihra  aroducl  DaU  BuSalln  art  sceuralt  to  Via  beat  of  cur  kncarladua  end 
ballal.  but  arc  Intondad  tor  ganarat  totormaUon  only.  Oenaral  and  apaclfie  appliealiena  auggaaiad  tar  iba  mala- 
rtolt  daacrlbad  herein  are  made  satoly  to  parmll  dia  leader  to  make  hi*  awn  avakialien  and  dacialen.  and  are 
net  to  be  censirwad  aa  allhar  axpreea  ar  bnpliad  warranllea  at  tlinaoa  tor  lhaaa  ar  athar  agplicaliena.  The  data 
leportod  horain  haaa  bean  daaalepad  through  toato  canductod  by  ar  tor  Aimec.  They  are  net  guarantaaa. 

Atmm  avAmscTmiaa  an  rs.raie  i»-aaw  »s-sana«aiT-yaM»  aaaiwaiwi awiwo Swu Caipwiaw'  Miaam  nr  on* 
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The  vtJuM  •howo  hcrtin  were  ••Ubiifhcd  in  U.S.  customary  naits.  The  metric  equivalents  of 
U.S.  customary  units  shown  may  be  approximate.  Conversion  to  the  metric  system,  known  as 
the  International  System  of  Units  (SI),  has  bsen  aeeomplishsd  in  accordance  with  ASTM  Stan- 
dard E380-72  “Metric  Practice  Guide.” 


COMPOSITION 

Carbon 

Manganese 

Phosphorus 

Sulfur 

Silicon 

Chromium 

Nickel 

(Copper 

Columbium  plus  Tantalum 


% 

0.07  max 
1.00  max 
0.04  max 
0.03  max 
1.00  max 
14.00-15.50 

3.50- 5.50 

2.50- 4.50 
0.15-0.45 


AVAILABLE  FORMS 

Armco  15-5  PH  VAC  C£  stainless  steel  is  produced  in  the  form  of  billets,  plate,  bar  and  wire.  It 
is  usually  supplied  in  the  solution  treated  Condition  A ready  for  fabrication  and  subsequent 
hardening  by  the  user.  However,  it  can  be  supplied  in  certain  hardened  conditions  if  so  desired. 
Material  for  forging  should  be  ordered  in  the  overaged  condition.  Wire  for  cold  heading  should 
be  ordered  overaged,  coated  and  cold  drawn. 


Conditions  Availablo  from  Mill 


1 ) Condition  A 
(Solution  treated) 

2)  (Condition  H 1075 

8)  Condition  H 1150 


4)  Overaged  for  forging 

5)  Overaged,  copper  coated 
and  cold  drawn  for 
cold  heading 

6)  Other  Conditions 


Material  for  fabrication  and  heat  treatment  by  the  user.  If  severe 
cold  forming  is  required  use  Condition  H 1150  or  H 1150-M. 
Precipitation-hardened  condition.  Machines  as  well  as  (Condi- 
tion A. 

Precipitation-hardened  condition.  More  readily  fabricated  than 
Condition  A.  No  further  heat  treatment  necessary  where  no 
severe  cold  working  is  involved. 

Allows  cold  sawing  of  large  sections  srithout  cracking. 
Maximum  softness  for  cold  heading.  Materials  in  this  condition 
will  not  reapond  to  aging  treatments  without  first  solution 
treating. 

Inquire  for  availability. 


Consumabln  EInctrodn  Vocuum  Arc  Rnmniting  (VAC  CE) 

Armco  15-5  PH  vaC  CE  stainless  steel  is  produced  by  consumable  electrode  vacuum  arc 
remelting  to  meet  the  stringent  mechanical  property  and  cleanliness  requirements  of  the  space 
and  nuclear  industries.  Besides  lowering  gas  content,  VAC  CE  adds  other  advantages  to 
Armco  15-5  PH  VAC  CE  stainless.  It  reduces  and  disperses  inclusions,  and  minimises  alloy 
segregation  during  solidification.  These  factors,  coupled  with  the  elimination  of  delta  ferrite, 
combine  to  give  Armco  15-5  PH  VAC  CE  stainless  excellent  transverse  mechanical  properties 
in  any  test  location. 
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APPLICATIONS 

Armco  15-5  PH  VAC  CE  tUinleu  tteel  ii  ide*I  for  applications  requiring  high  strength  and 
toughness  in  all  directions.  Typical  applications  include  forgings,  pump  and  valve  parU  for 
high  pressure  systems  requiring  excellent  corrosion  resistance,  aircraft  components  and 
transversely  loaded  plate  applications. 

SPECIFICATIONS 

Armco  15-5  PH  bar,  wire,  forgings  and  forging  stock  is  covered  by  the  following  specifications. 
It  is  suggested  that  the  issuing  agency  be  contacted  for  the  latest  revision  of  the  specification. 

ASTM  A 564  Hot-Finished  or  Cold-Finished  Age  Hardening  Stainless  and  Heat-Resisting 
Steel  Bars  and  Shapes 

ASTM  A 705  Age  Hardening  and  Heat-Resisting  Steel  Forgings 
AMS  5659  Consumable  Electrode  Melted  Bars,  Forgings  and  Rings 

STANDARD  HEAT  TREATMENTS 

Armco  15-5  PH  VAC  CE  sUinless  steel  can  be  heat  treated  at  different  temperatures 
develop  a wide  range  of  properties.  Fully  hardened  15-5  PH  VAC  CE  stainless.  Condition 
900,  will  have  a minimum  ultimate  tensile  strength  of  190,000  psi  (1310  MPa)  and  minimum 
yield  strength  of  170,000  psi  (1172  MPa).  Typical  properties  for  the  standard  conditions  are 
shown  in  Tables  I\’  and  V. 


S X 


Armco  15-5  PH  VAC  CE  lUinleas  exhibits  ueeful  mechanical  propertiea  in  Condition  A,  and 
tests  in  progress  at  Kure  Beach  for  more  than  two  years  show  excellent  stress  corrosion  crack- 
ing resistance.  Condition  A material  can  be  used  successfully  in  numerous  applications. 


I 


However,  in  critical  applications,  Armco  15-5  PH  VAC  CE  stainless  should  be  used  in  the 
precipitation-hardened  condition,  rather  than  Condition  A.  Heat  treating  to  the  hardened  con- 
dition, especially  at  the  higher  end  of  the  temperature  range,  stress  relieves  the  structure  and 
provides  more  reliable  resistance  to  stress  corrosion  cracking  than  in  Condition  A. 

In  applications  where  the  use  of  15-5  PH  VAC  CE  stainless  in  Condition  A is  being  considered, 
it  is  suggested  that  Armco  be  contacted  for  technical  assistance. 


Heat -Traating  Cycle  Forging  ond  Cold  Heading 

If  16-5  PH  VAC  CE  sUinless  is  to  be  forged  or  cold  headed,  it  is  supplied  “overaged  for  forging” 
or  “overaged  for  cold  heading.”  Overaging  consists  of  heat  treatment  at  the  mill  in  the 
temperature  range  of  1150  to  1200  F (621  to  648  C)  to  achieve  maximum  softness  for  cold  saw- 
ing and  cold  heading  Such  treatment  eliminates  the  possibility  of  cracking  in  large  sections. 
Material  in  this  condition  will  not  respond  to  hardening  treatments  without  first  solution 
treating. 


MECHANICAL  PROPERTIES 

The  newton  (N)  has  been  adopted  by  the  SI  as  the  metric  sundard  unit  of  force  as  discussed  in 
ASTM  Sundard  E380-72.  The  term  for  force  per  unit  of  area  (stress)  is  the  newton  per  square 
meter  (N/m*).  Since  this  can  be  a large  number,  the  prefix  mega  is  used  to  indicate  1,000,000 
units  and  the  term  meganewton  per  square  meter  (MN/m*)  is  used.  The  unit  C^/m’)  has  been 
designated  a pascal  (Pa).  The  relationship  between  the  U.S.  and  the  SI  uniu  for  stress  is;  1000 
pounds/in*  (psi)  « 1 kip/in’  (ksi)  « 6.8048  meganewtons/m’  (MN/m*)  ■ 6.8048  megapascals 
(MPa). 


Orientation  and  Location  of  Test  Specimens 

Armco  15-5  PH  VAC  CE  sUinless  is  needed  in  many  applications  requiring  excellent 
mechanical  properties  in  the  long  transverse  and  short  transverse  directions,  as  well  as  in  the 
longitudinal  direction  (direction  of  rolling).  OrienUtion  and  location  of  the  test  specimen  and 
) product  section  size  are  receiving  more  emphasis  in  the  determination  of  design  values.  The 

‘ dau  included  in  this  bulletin  are  identified  regarding  (1 ) orienUtion  of  specimen,  (2)  specimen 

[ location,  and  (3)  section  size  from  which  the  test  specimens  were  Uken.  OrienUtion  and  loca- 

1 tion  of  test  specimens  are  shown  in  the  following  sketches.  Unless  otherwise  sUted,  daU 

represents  longitudinal  direction  — intermediate  location. 


I 

I 
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Fipm  1A 

SkctcHw  thowing  tht  orientation  and  location  of 
tost  tpacimant  in  a typical  bar  aaction.  Fig.  1A 
show*  tpacimant  located  at  the  center  or  along 
the  aiat  of  tha  ratpactiva  bar  dimantiont.  Fig.  IB 
illuttratat  tha  location  of  tatt  tpacimartt  to  deter- 
mirta  propartrat  at  intarmadiata  locationt. 


Figure  IB 


(1 1 Trantvarte  propartiat  eanrtot  be  datarminad  if 
bar  dimantiont  art  uttdar  3"  (76.2  mm)  in  tha 
teat  direction. 

(21  In  roundt.  tquaret.  artd  hexagon  bare,  no  thort 
trantvarta  direction  axicu. 


PROPERTIES  ACCEPTABLE  FOR  MATERIAL  SPECIFICATIONS 

Tabig  I 

Maximum  Hardnaa*  or  Tanaila  Strangth  in  Condition  A 


Boundt.  Haxagont  and  Squarat 


1/8  (3  16  mm) 
and  Smaller 


175.000pti  11207  MPa)  max  | 


Over  1/8"  to  1/2"  IncI 
(3  18  mm  to  12.7  mm  IncI) 


Rc  38  max 


Over  1/2" 
(12.7  mm) 


Over  1/2" 
(12  7 mm) 


I BHN  363  max  | BHN  363 


Tabla  II 

Minimum  Propartiat  (Suiubla  for  Spacificationa) 

Longitudinal  Oiraction  — Intarmadiata  Location  (up  to  12"  (304.8  mm]  aaction) 
I Condition 


Ultimata  Tentila 
Strength,  kai  (MPa) 

02%  Yield 
Strangth.  kai  (MPa) 


Elongation.  % in  2" 
(60.8  mm) 
or  4 a 0 

Reduction  of 

Area.  % 


Rockwall 

Impact.  Charpv 
V-Noteh.  ft-lba  (J) 


H926  I H1026  | H 1076  | H 1100  | H1160  I H1180-M 


155 

(1069) 

145 

(1000) 


388/448  375/438  331/401  302/375  311/364  277/352  255/293 

C40/47  C38/45  C36/42  C31/39  C32/38  C28/37  C24/30 


I, 


Table  II. 

Minimum  Prepnrtias  (Suitabla  for  Specifications) 
Tranevarsa  Direction  (up  to  12"  (304.8  mm]  aaction) 


1 Condition 

Propeny 

HSOO 

HS26 

M1026 

H1076 

H 1100 

H 1160 

N 11S0-M 

Uttimaia  Tsiwila. 

ISO 

170 

165 

145 

140 

135 

115 

Strength,  hsi  (MPa) 

(1310) 

(1172) 

(1069) 

(1000) 

1665) 

(931) 

(793) 

0.2%  Yield 

170 

165 

145 

125 

115 

105 

76 

Strength,  kai  (MPa) 

11172) 

(1069) 

(1000) 

(662) 

(793) 

(724) 

(617) 

Elongation.  % in  2" 

(60.8  mm) 
or4a  0 

6.0 

7.0 

60 

90 

100 

11.0 

14.0 

Reduction  of 

Area.  % 

ISO 

200 

27.0 

260 

290 

300 

350 

Hardness 

Snnall 

388/448 

375/438 

331/401 

302/375 

311/364 

277/352 

255/293 

Rockwell 

C40/47 

C38/45 

C35/42 

C31/39 

C32/38 

C28/37 

C24/30 

Impact.  Charpv 
V-Notch  ft-lbs  (J) 
Intermediate 

10 

15 

16 

20 

35 

Location 

1 

(14) 

(20) 

(20) 

(27) 

(47) 

r ' 


* Minimum  impsci 

•Miti  CDUliOn 


pmpfiiDS  CDnnot  bs  t 


ptDd  m this  conrtrtion  H Muphnass  • • dMipn  emsns.  9m  hMt  bMtmDnt  should  bs  usod 


Typical  Properties 


Table  IV 

Typical  Mechanical  Properties** 
Longitudinal  Direction  ■—  Intermediate  Location 


Property 

1 Condition 

HSOO 

H825 

H 1025 

H 1076 

H 1100 

H 11S0 

H 1160-M 

Ultimate  Tensile 

200 

ISO 

170 

165 

150 

145 

125 

Strength,  ksi  (MPa) 

(1379) 

(1310) 

(1172) 

(1138) 

(1034) 

(1000) 

(662) 

0.2%  Yield 

185* 

175 

165 

150 

135 

125 

65 

Strength,  kai  (MPa) 

(1276) 

(1207) 

(1138) 

(1034) 

(9311 

(862) 

(666) 

Elongation.  % m 2" 

(60.8  mm) 

14.0 

14.0 

16.0 

16.0 

17.0 

190 

220 

er4aD 

Reduction  of 

Area.  % 

50.0 

64.0 

66.0 

68  0 

580 

600 

660 

Hardness 

Srinell 

420 

409 

352 

341 

332 

311 

277 

Rockwell 

C44 

C42 

C38 

C36 

C34 

C33 

C27 

Impact.  Charpv 

15 

25 

35 

40 

45 

60 

100 

V-Notch.  ft -lbs  Ul 

(20) 

(34) 

(47) 

(64) 

(61) 

(68) 

1136) 

'Cemprmvt  r<**0  mrangih  tv  Cenditien  M SCO  to  Itt.OOO  ad  (1227  Mill 
**7vpic«'  aai«  f«arM«ni  dwag*  vtium  at  qualificai«n  twn  tor  anSucoax  arSan 
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Table  V 

Typical  Maehanical  Propartiat** 

Transvarsa  Diraction  — Intarmadiata  and  Cantar  Location 


UltHnawTan**!*  | 

Stnngih  km  IMP*) 

02«VnW 
SvangiM  kn  (MPa) 

(longaiian.  % m 2" 
IMS  nan) 


120  130  130  140  140 


Nadwenonel 
Aiaa  % 


42  0 43  0 430 


Imoact  Cha>pv 
V-Noich  fi-ka  Ul 

Notch  *i<a 
Longnudinai 


352  362  341  341  332  332 

CSS  C3e  CSS  C3e  C34  C34 


277 
C33  I C37 


'I  — Imanttadiaw  Location 
— Typ«ai  data  tapraaam  a 


C — Caraat  Location 

a valuat  o*  qualitaation  taata  to>  ptodueoon  i 


Shear  Strength 


Condition 


Table  VI 

Shear  Strength  In  Double  Shear 


UTS 

ksilMPs) 


Sheer 
Strength 
ksi  (MPa) 


H 9(X) 

205  6(1418) 

124.0(855) 

H925 

189  1(1304) 

116  0(800) 

H 1025 

164  7(1138) 

104.2  (718) 

H 1100 

154  7(1067) 

99  1 (683) 

H 1150-M 

134  9 (930) 

89  3 (616) 

'Data  davaiopad  on  ' 

1/4'  (6  3S  mm)  rpund  wms  Aimr* 

•a  oi  6«a  taata  an  ona  haat 

Shaar/Tenaile 

Patio 

% 


TabI*  VII 

Fatigua  Strangth  — Unnotehad* 
Tanaion  — Tanaion 


Maximum  Straat. 
kai  (MPa) 

1 CyetattoPallura** 

Condition  A 

Condition  H 1025 

Cenditien  H 1100 

160  0(1103) 

32J00 

— 

1550(1069) 

322.800 

— 

150.0(1034) 

— 

38.800 

85.100 

1500(1034) 

— 

99.200 

— 

1400  <965) 

61.200 

125.600 

95.000 

1400  (865) 

358.600 

— 

137.5  (948) 

-i- 

— 

96.100 

137  5 (948) 

— 

97.400 

135  0 (931) 

80.700 

3.696.000 

135  0 (931) 

162.600 

7.096.000 

1350  (931) 

— 

2.032.000 

— 

132  5 (914) 

— 

— 

127.100 

132  5 (914) 

— 

— 

219.900 

130  0 (696) 

190400 

118.700 

4.860.000 

130  0 (896) 

— 

8.044.600 

— 

130  0 (896) 

8.720.100 

>— 

127  5 (879) 

— 

— 

7.300.000 

125  0 (862) 

224,400 

— 

3.907.000 

125  0 (862) 

— 

— 

6.031.000 

120  0 (827) 

214.900 

— 

— 

115  0 (793) 

4.792,000  (Di«continu«d) 

— 

— 

110  0 (758)  1 

3.433.600  (Oiscontinu«tft 

— 

— 

90  0 (621) 

S,1 52.200  (Ditcontinuad) 

— 

— 

900  1621)  1 

10.100.000  (Ditcontinuod) 

— 

— 

Maximum  Strata, 
hti  (MPa) 


Tabla  VIII 

Fatigue  Strangth  — Notchad  (kf  * 
Tanaion  — Tanaion* 

Cyclat  to  PaWura*  * 


3.0) 


Condition  A 


Condition  M 102S 


Condition  H 1100 


65  0 (448) 
62  5(431) 
600  (414) 
600(414) 
57  5 (396) 

57.5  (396) 
55.0  (379) 
55  0(379) 
55  0 (379) 
52  5(362) 

52.5  (362) 
500(345) 
50  0(345) 
450  (310) 
45  0(310) 
42  5 (293) 
42  5(293) 
40  0 (276) 
400(276) 


68.200 

299.200 

350.000 

10.826.000  (Diteoniinuad) 
255.500 

1 0. 1 1 0.5(X>  (Ditcontinuad) 
10.563.800  (Ditcontinuad) 

10.565.000  (Ditcontinuad) 


— 

107.000 

111.500 

— 

105.200 

— 

150.400 

232.600 

2622100 

— 

6.966.400 

— 

225.700 

332.000 

1.678.300 

332.000 

3.004.000 

5.529.400 

— 

23.300.000  (Ditcontinuad) 

.000  (Ditcontinuad) 

10.0(X>.000  (Ditcontinuad) 

10.017.000  (Ditcontinuad) 

— 

10.200.000  (Ditcontinuad) 

— 

— 

' (152  mm)  hot  (orgad  bar 

R , n^inunum  ttyt  * q ^ tpaad  • 30  ham.  uniaxial  loading 
maximum  ttratt 

* * Data  lapiatant  individual  tattt  from  ona  heat. 
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Mooului  of  Elasticitv 


T»M»  IX 


CondHien* 

M102S  r 


Modulus  in  Tonsion.  poi  (MPa) 


Modulua  in  Toraion.  pal  (MPa) 
*Oata  rapraaant  avaraga  of  two 


28$«  10* 
(1B«x  10*) 
lUxlO* 

(77  a 10*) 

I from  ono  boat 


11.0«  10* 
(76 1 10*) 


N 1076 


lOOi  10* 
(66  a 10*) 


M 1160 


10.0  a 10* 
(66  a 10*) 


The  modulus  of  elasticity  of  15-5  PH  VAC  CE  stainless  at  elevated  temperature  can  be  eon* 
veniently  expressed  as  % of  room  temperature  modulus.  At  temperatures  ranging  from  room 
to  600  F (315  C)  this  material  showed  the  following: 


Tomparatura 

F(C) 

72  (22) 
100  (38) 
200  (93) 
300(149) 
400(204) 
500  (260) 
600(315) 


Modulua  of  Elasticitv* 

{%  of  Room  Tamp.  Modulus) 
1000 
996 
97.8 
963 
647 
830 
61.4 


Poisson’s  Ratio  in  all  hardanad  conditions  is  0272. 
* Oats  raprasant  avaraga  of  two  tasts  from  ono  fraat. 
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Torsional  and  Tonsil*  Data 


Tabl*  X 

Torsional  and  Tonsil*  Data 
Armeo  1S-B  PH  VAC  CE  Stainlass  Bar  Stock* 


Taatoitot  itoor 
eiodulaa. 

pni  IMbal 

TaiaiBnal 

Umtt. 

bal  IMbal 

0O%  Tamtonal  ViaW 
Stofipid.  tai  IMbal 

•t  Hiiptwfs 
tel  (M^s) 

irro. 

tol  (Mbal 

ea%vo. 

OHaat 
bri  IMbal 

Taaplanai 

yo  (^'l 

V0((l 

MtewUrt 

Myplurs 

« "" 

Tsnssen  YS 

fanarenVk 

— on — 

4towsisd 

000 1 10*l00i  10>l 

02014331 

040  10701 

03  0 10441 

120  7 10321 

1044110001 

122  0 10401 

0.00 

0 70 

0 70 

• HtOO 

10  70  a 10*  (TO  a 10>l 

00  310101 

117  0 (till 

120  316711 

103  7111201 

1001 11311) 

1702111741 

009 

0 74 

006 

N020 

11  07  a 104(76a  10>| 

02  3 10301 

1 14  7 (7001 

123  1 10401 

100.0110741 

102.0112001 

1 

3 

000 

0.73 

006 

M 1020 

10t3a  10'l70a  10>l 

00010271 

107  7 17431 

1 14  2 (7071 

137  1 (0401 

101.011110) 

107  3(10041 

000 

073 

000 

M 1100 

10  06  a 10*  174  a 10*1 

00  1 10031 

00  0 10031 

100  3(7201 

1270  10701 

1000(10341 

1402(10021 

000 

073 

ooo 

*4  1100 

10  70  a 10*(74a  10>l 

07  7 13001 

062  10041 

03.3 10431 

1201  10031 

1410  1077) 

120  1 10071 

0.07 

073 

006 

H 

0 00  a 10*l0Sa  10>)l 

30  0 12021 

60  414001 

07.014001 

1134  (7021 

132.0  1010) 

000  10271 

0.00 

0 74 

006 

* Avaragt  Me  nm  tom  one  hett  — M«fim«n«  mertiiMd  tom  1'  Ut  4 mml  tor  mo€k 
* * \^  — Otoet  towrmined  by  Meering  nrtm  < \ 'l  ■ 0 002 
( — ONmi  toiemmed  by  '<enn4l  nrem  <()  >0.002 

Itolerenei  Tnt  Memed  toict*id  m paper.  “Mectoncal  Piapertoa  ef  Shabmg  and  Veto  Ston  Matoiab  * by  Jahn  N bbradam.  pybltoad  in  ^itoaadinpi 
ar  Ma  Amancan  Sacwiy  ibr  raabnf  atad  Maianab.  Val  04.  papa  70& 


Elavatad  Tamparaturs  Propartias 

Table  XI 

Short-Time  Tensile  Properties* 


Oroporty  and  Condition 

Tomperaturo.  F (Cl 

76 

(24) 

400 

(2041 

•00 

(3161 

•00 

(426) 

1000 

(6381 

1200 

(6481 

UTS.koi(MPa) 

H925 

191  (1317) 

168(1168) 

169(10961 

149(1027) 

110(768) 

58  (4001 

H 1025 

166(1145) 

147(1014) 

139  (9581 

133  (917) 

105  (7241 

54  (3721 

H 1100 

165(1069) 

138  (9511 

132  (9101 

123  (8481 

•6(6621 

— 

H 11S0-M 

130  (896) 

111  (785) 

104  (717) 

•8  (676) 

80  (552) 

— 

0.2%  YS.koiiMPa) 

H925 

176(1213) 

162  (10481 

140  (965) 

126  (869) 

92  (8341 

46  (317) 

H 1025 

161  (1110) 

139  (9581 

131  (903) 

119  (820) 

91  (6271 

41  (283) 

H 1100 

160(1034) 

134  (924) 

126  (869) 

114  (786) 

88  (607) 

— 

H 1160-M 

104  (717) 

100  (8891 

•6  (862) 

88  (807) 

87  (482) 

— 

Elong.  % in  4 X D 

H 925 

16 

15 

14 

16 

17 

26 

H 1025 

17 

15 

14 

16 

18 

28 

H 1100 

19 

16 

14 

14 

18 

— 

H 1150-M 

23 

20 

19 

17 

20 

— 

Raduction  of  Area.  % 

H92S 

69 

64 

69 

80 

70 

83 

H 1025 

64 

68 

67 

60 

70 

83 

H 1100 

67 

62 

57 

60 

71 

— 

H iieo-M 

76 

64 

70 

69 

74 

— 

*Dau  rapmaam  avartga  of  tour  »aa«  eenaratmg  of  dupireata  iaa»  on  aocb  of  nw  haau  ono  on  1"  (204  mml  damoiar  to'  ond  ma 
obior  an  1-1/4"  (21.0  mml  dAmaiat  bar 
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Sub'Zcro  Mechanical  Properties 

Armco  15-5  PH  VAC  CE  luinless  steel  mainuins  good  ductility  at  tub-tero  temperatures. 
This  property  makes  it  an  ideal  material  for  applications  such  as  valves  and  aircraft  parU  that 
must  operau  at  low  temperatures  No  general  statement  can  be  made  regarding  preferred  heat 
treatment  for  cryogenic  applications  because  much  depends  on  design  requirements.  However, 
many  engineers  have  approved  Armco  15-5  PH  VAC  CE  stainless  to  the  following  temperature 
limits: 

Condition  H 925  — Down  to  0 F (-18  C)  for  general  use.  For  non-impact  applications  it  is  useful 
at  temperatures  as  low-  as  -320  F (-196  C).  For  example,  valve  seats. 
Condition  H 1025  — Down  to  -50  F (-46  C)  Design  with  caution  when  using  large  diameter 
bars. 

Condition  H 1100  — Down  to  -110  F (-79  C)  Design  with  caution  when  using  large  diameter 
bars. 

Condition  H 1150-M  — Down  to  -320  F (-196  C). 
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TaM*  XII 

Short-Tim*  Tantil*  PrepartiM* 


Temporotura.  F (C) 

Propoftv  and  Condttien 

-320  (-196) 

-100  (-73) 

76  (23.8) 

UTS.kai(MPa) 

H025 

212(1462) 

191  (1317) 

H 1025 

226(1558) 

194(1269) 

166(1145) 

H 1100 

210(1448) 

172(1186) 

165(1069) 

H 1150-M 

201  (1386) 

161  (1041) 

130  (896) 

0.2«YS.ksi(MPa) 

H926 

• 

199(1372) 

176(1213) 

H 1026 

221  (1524) 

179(1234) 

161  (1110) 

H 1100 

205(1413) 

186(1145) 

150(1034) 

H 1160-M 

146(1007) 

107  (738) 

104  (717) 

Elong  %in  4 a 0 

H925 

e 

17 

16 

H 1025 

16 

18 

17 

H 1100 

18 

19 

19 

H 1150-M 

27 

25 

23 

Raduction  of  Araa.  % 

H925 

e 

61 

69 

H 1025 

55 

67 

64 

H 1100 

60 

66 

67 

H 1160-M 

85 

74 

76 

*0«u  uprMim  of  tow  tom  eenMtmg  e<  duptaii*  < 

and  ih*  oOw  on  1-1/4  " OU  mm)  ammoT  fear 


ran  1 "126  4 mm)  < 


Table  XIII 

Impact  Strength  at  Sub-Zero  Temperatures* 
V-Notch  Charpy  Impact,  Foot-Pounds  (J) 


Condition 


H925 
H 102S 
H 1100 
H IlfiO-M 


76  (23  8) 


58  (79) 
84(114) 
86(130) 
174(236) 


+ 10  (.12) 


28  (38) 
46  (62) 
80(108) 
172(233) 


Tomporoturo  F (C) 

1 -40  (-40)  I -110  (-79) 


-320  (-186) 


16  (22) 
23  (31) 
64  (73) 
167  (226) 


7 (9) 

9 (12) 
27  (37) 
152  (206) 


* Oita  ripriMni  ivoriga  of  four  tottt  contiiting  of  duplicata  tom  of  two  holts 
mm)  diimitor  bir  ind  thi  othor  on  1-1/4"  (31.8  mm)  diamotor  bar 


Table  XIV 

Impact  Strength  at  Sub-Zero  Temperatures* 
Precracked  Charpy  impact,  in-lbs/in*  (mm*N/mm*) 


Tomporaturo  F (C) 


Condition 


H925 
H 1025 
H 1100 


76  (23.8) 


2.650  (464) 
5.100(893) 
6.900(1,208) 


H1160-M  12,260(2.145) 


+ 10(12) 


750(131) 
1.900  (333) 
4.150(727) 
11.900(2.084) 


-40  (-40) 


300  (63) 
900(168) 
2.150(377) 
11.400(1.897) 


-110  (79) 


200  (35) 
350  (61) 
850(149) 
9.900(1.734) 


* Data  raprasant  avaraga  of  four  tam  eonaitting  of  duplicate  tam  of  two  haatt  ona  on  1 " (25  4 mm) 
diamatar  bar  and  tha  other  on  1-1/4"  (31.8  mm)  diamatar  bar. 


-320  (-196) 


1.100(193) 
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Tabi*  XV 

Typical  Sub-Zaro  V>Noteh  Charpy  Impact* 
•"  ■ 6"  (ISO  mm  x 160  mm)  taction 
Longitudinal  — Intarmadiata 
Condition  H 1160-M 


T— t TcmpftMf  ■ f 1C) 


-110  (-79) 
• 175  (-116) 
•320  (-1961 


Chcrpv  V-Wotcn,  tl-lb*  (J) 
100(136) 
75(102) 

40  154) 

20  (27) 


‘Data  lapraaam  avaragt  of  duplicata  taau  on  ona  haat 


PHYSICAL  PROPERTIES 


Tabi#  XVI 


Condition* 


6.0 1  10  * (10.81 
6.0 1 10-*(10.8) 

6.2  k 10-*  (11.2) 

6.3  k 10-*  (11.3) 


Oanaity.  gm/cm’ 


Eiactrical  Raaittivity. 
mierohm-cm 


Maan  Coaffieiant  of 
Tharmal  EKpanaion 
( M m/m»C) 

-100/70  F (-73/21  C) 
70/200  F (2 1/93  C) 
70/400  F (21/204  C) 
70/600  F (2 1/3  ISO 
70/800  F (21/426  C) 
70/900  F (21/482  C) 


Tharmal  Conductivity 
8TU/hr/fl>/in/»F 
(W/m«C) 

300  F (149  C) 

600  F (260  C) 

860  F (460  C) 

900  F (482  C) 


Spacific  Haat 
8TU/lb/»F  U/kg«C) 

32/212  F (0/100  0 011(460) 

'Data  rapraaant  ona  taat  from  ona  haat. 


6.8*  10-«(10  4) 
6.0  k 10-*(10.8) 
6.0  k 10-*(10.8) 

6.3  k 10-*  (11.3) 
6.6  KlO-«  (11.7) 


124(17.8) 
135(19  5) 

156  (22.6) 

157  (22.6) 


0.10(418) 


6.3  k 10-*  (11.3) 
6.6  k 10-*  (11.7) 
66k  10-«  (11.9) 
6.8  k 10-*  (12.2) 


61  K 10-«(11.0) 

66k  10-*  (11.9) 
6.9  k 10-*(12  4) 

7.1  K 10'*  (12.8) 

7.2  KlO-*  (13.0) 

7.3  k 10-*  (131) 


Magnetic  Propartiaa 

Normal  induction  and  liyateretis  curves  are  shown  in  Figures  6 and  7.  There  is  little  difference 
in  the  magnetic  properties  of  material  heat  treated  to  Conditions  H 900  and  H 1075.  However, 
magnetic  properties  of  material  heated  to  Condition  H 1150  are  significantly  io-ver. 
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NORMAL  INDUCTION  CURVES* 


HYSTERESIS  CURVES 


liggiiiis 


\m 


IlfIKI 


m 


r»ekl  Strcivih.  Osrttcds  lunpere/iMUr) 


mwjWMm 

r/0M 

fmm 


laHiii 

mHifii 

UHBtfll 


Field  StreDfih.  Oeiuds  (unperc/meirri 


Figure  6 * Oat*  repmeni  wngic  tests  from  three  heets  Figure  7 


CORROSION  RESISTANCE 

The  general  level  of  corrosion  resistance  of  Armco  15-5  PH  VAC  CE  stainless  steel  exceeds  that 
of  T>’pe6  410  and  431,  and  is  approximately  equal  to  that  of  Armco  17-4  PH  stainless  steel  This 
is  indicated  by  laboratory  tests  in  both  strongly  oxidizing  and  reducing  media,  as  well  as  by  at- 
mospheric exposures.  In  all  heat-treated  conditions,  Armco  15-5  PH  VAC  CE  stainless  exhibits 
very  little  rusting  after  500  hours’  exposure  to  5%  salt  fog  at  95  F (35  C).  When  exposed  to 
seacoast  atmosphere  for  long  periods  of  time,  Armco  15-5  PH  VAC  CE  stainless  gradually 
develops  a superficial  overall  layer  of  rust  like  other  precipitation-hardening  stainless  steels. 
The  general  level  of  corrosion  resistance  of  Armco  15-5  PH  VAC  CE  stainless  is  best  in  the  fully 
hardened  condition,  and  decreases  slightly  as  the  aging  temperature  is  increased. 


Stress  Corrosion  Resistance 

The  following  data  were  obtained  on  .052*  (1.3  mm)  strip  samples  of  Armco  15-5  PH  VAC  CE 
stainless  steel  from  two  heats  exposed  in  triplicate  on  a location  80  feet  (24  m)  from  the  ocean 
at  Kure  Beach,  North  Carolina. 


I 

I 

1 


Condition 


HgOOiHoat  1) 
H»00(Hoat2l 
H»25(Haat  1) 

H 92S  (Haat  21 
H97S(Haat  1) 
H 975  (Haat  2) 
H 1025  (Haat  2) 


Appliad  ttroaa^^* 
kai  (MPa) 


172.5(1199  0) 
129  4 (992  0) 
1900(1240  7) 
1360  (9306) 
165  8(1142.9) 
1244  (857.5) 
171.8(1184.2) 
126  9 (988  6) 
159  0(1096  0) 
119  3 (922  3) 
162.3(1118  7) 
121.7  (838  9) 
159  1 (1096  7) 
119.3  (822.3) 


Woaulta 


(2) 


31 

31 


3-21  daya 

2-21  daya:  1 -29  daya 
3 - 22  daya 
3 • 22  daya 
3 -23  daya 


3 - 23  daya 

2 ■ 22  daya.  1 - 286  daya 
2 • 22  daya;  1 • 109  daya 
3NF 
3NF 
3NF 

3NF 

3 NF 
3NF 


(1)  Appliad  airaaaaa  wara  100%  and  76%  of  tha  0.2%  yiald  atranstt'.  uaing  amooth  bam  baam 
apacimana  in  tba  (ongitudinal  diraction. 

(2)  NF  indicataa  NO  FAILURE  to  data  Taa»  wara  bogun  Juna  5.  1973,  ter  Haat  1 and  Jona  3. 
1971.  for  Haat  2.  and  ara  atili  continuing 

Thaaa  data  indicata  Armco  1 6-6  PH  VAC  CE  atainloaa  ataat  ia  highly  raaiatant  to  atraaa  corroaion 
cracking  in  marina  atmoaphara  whan  agad  at  tamparaturaa  of  976  F (623  Cl  and  highar  For 
maiimum  raaiatance  to  chlorida  atraaa  cracking.  Armco  16-6  PH  VAC  CE  atainlaaa  ahould  ba 
agad  at  tha  mammum  tamparatura  that  will  yiald  tha  raquirad  propartwa.  but  not  loaa  than  976  F 
(523  Cl 


FABRICATION 

Hdot  Trdotm^nt 

For  maxiirum  hardness  and  strength,  material  in  the  solution-treated  condition  is  heated  for 
one  hour  at  900  ± 15  F (482  ± 8 C)  and  air  cooled  to  room  temperature.  If  material  purchased  in 
the  solution-treated  condition  (Condition  A)  is  hot  worked,  it  must  be  aolution-treated  after 
such  working  and  before  hardening. 

All  surfaces  should  be  free  of  cutting  lubricants  and  other  foreign  matter  before  any  heat- 
treating  operation  is  performed. 


Where  ductility  in  the  hardened  condition  is  especially  important,  betUr  toughness  can  be  ob- 
Uined  by  raising  the  temperature  of  the  hardening  leat  treatment.  Unlike  regular  hardenable 
materials  which  require  a hardening  plus  a tempering  or  stress-relieving  ti^tment, 
Armco  15-5  PH  VAC  CE  stainless  steel  can  be  hardened  to  the  final  desired  properties  in  one 
operation.  By  heat  treating  at  temperatures  from  900  to  1150  F (482  to  621  C),  a wide  range  of 
properties  can  be  atuined.  A heat  treatment  of  4 hours  is  generally  used  for  all  hardenening 
heat  treatmenU  except  900  F (482  C).  for  which  a one-hour  treatment  is  used. 

If  Armco  15-5  PH  VAC  CE  stainless  is  not  ductile  enough  in  any  given  hardened  condition,  it 
can  be  reheat-treated  at  a higher  temperature  to  increase  impact  strength  and  elongation.  This 
retreatment  can  be  made  without  i solution  treatment  prior  to  the  final  heat  treatment. 
However,  if  the  material  is  not  hard  enough  or  strong  enough  it  must  be  resolution  treated,  and 
then  hardened  at  a lower  temperature. 
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For  DOteriol  bot  worked  or  forged,  or  caatings,  a aolution  treatmeot  at  187&  to  1925  P (1022  to 
1050  C)  for  1/2  hour,  followed  by  eooliag  to  at  leaat  90  F (82  C)  mutt  be  done  prior  to  bardenuig 
Oil  quenching  rather  than  air  eooling  may  be  uaed  on  amall,  aimple  eeetions.  Thie  treatment 
will  refine  the  grain  aixe  and  make  hardened  material  more  nniform. 

/ ^ On  hardening  Armco  15^  PH  VAC  CE  etainless  ateel,  a dimensional  change  will  take  place. 

1^’pical  dimensional  changes  are  shown  below.  They  can  vary  from  heat  to  beat. 


Table  XVII 

Contraction  From  Haat  Traatmant* 


H900 

.00045  in/in 

H92S 

.00051  tn/in 

H 1025 

.00053  in/in 

H 1100 

.0009  in/in 

H 1150 

.0022  in/in 

H 1160-M  1400- 

.00037  in/in 

115^* 

.00206  in/in 

.•.1400-e  1160- 

.00243  in/in 

’Oats  represent  single  tests  from  one  heat 


Importance  of  Cooling  to  90  F (32  C)  in  Fobricoting  and 

Heat  Treating  Armco  15*5  PH  VAC  CE  Stainless  Steel 

In  fabricating  Armco  15*5  PH  VAC  CE  stainless,  it  is  important  to  keep  in  mind  the  low 
temperatures  at  which  the  start  of  transformation  to  martensite  (Mg)  and  the  finish  of  the 
martensite  transformation  (M^)  occur.  These  temperatures  are  approximately  270  F (132  C) 
and  90  F (32  C),  respectively. 

Because  of  this  characteristic,  it  is  necessary  to  cool  parts  in  process  at  least  to  90  F (32  C)  prior 
to  applying  subsequent  heat  treatments  if  normal  final  properties  are  to  be  obuined.  This  prac- 
tice is  essential  to  assure  grain  refinement,  and  to  assure  the  product  will  have  the  good  ductili- 
ty of  which  this  alloy  is  capable.  Examples  of  situations  where  cooling  to  90  F (32  C)  is  an  im- 
portant step  follow: 

1)  Cool  a forged  part  to  90  F (32  C)  after  final  forging  before  solution  treating. 

2)  Cool  to  90  F (32  C)  after  heat  treating  at  1400  F (760  C)  prior  to  aging  at  1150  F (621  C)  in  the 
H 1150-M  treatment. 

3)  (3ool  to  90  F (32  C)  after  solution  treating  prior  to  applying  any  of  the  precipiution- 
hardening  treatments. 

Surface  Hardening 

Armco  15-5  PH  VAC  CE  stainless  steel  can  be  nitrided  when  increased  resistance  to  galling  and 
wear  is  required  An  advantage  obtained  in  using  Armco  15-5  PH  VAC  CE  stainless  rather 
than  a standard  chromium  or  chromium-nickel  stainless  steel  is  that  the  core  is  simultaneous- 


! 


temperiture  of  about  lOSO  F (565  C)  and  raaults  in  a tough  core  with  a hardneai  of  about 
Kockwell  06.  However,  nitriding  conaiderably  decrnaiw  the  oorroaton  reaiatanee  of  Annoo  15-5  PH 
VAC  CE  atainioK  (as  it  does  with  any  itainleBS  stael).  Nitrided  Armoo  1S6  PH  VAC  CE  stainleas 
should  be  used  only  in  mildly  eorroaive  applications. 

Forging 

Forging  is  an  excellent  method  of  forming  intricate  shapes  of  Armco  15-5  PH  VAC  (X  sUinleas 
steel.  Forging  blanks  should  be  heated  uniformly  to  2150  to  2200  F (1176  to  1204  C)  and  held  at 
temperature  at  least  15  minutes  before  forging.  On  large  sections  over  8/4*  (19  mm)  diameter 
or  thickness,  it  is  recommended  the  material  be  heated  for  1/2  hour  per  inch  (25.4  mm)  of 
thickness  at  2150  to  2200  F (1176  to  1204  C)  and  held  for  one-half  to  one  hour  at  temperature 
prior  to  forging.  Heating  above  2200  F (1204  C)  may  cause  undesirable  grain  coarsening.  The 
temperature  during  the  forging  operation  should  not  be  permitted  to  drop  below  1850  F 
(1008  C).  The  material  should  be  reheated  in  the  furnace  when  this  temperature  is  reached. 
After  forging,  the  material  should  be  cooled  below  90  F (82  C)  to  assure  complete  transforma- 
tion. To  secure  optimum  toughness  in  the  final  hardened  condition,  forged  parts  must  first  be 
put  into  (kindition  A by  reheating  to  1875  to  1925  F (1022  to  1050  C)  and  air  cooling  (or  oil 
quenching  small  simple  parts). 

Complete  forging  practices  for  Armco  15-5  PH  VAC  CE  sUinless  steel  are  similar  to  those 
found  in  the  Fabricating  DaU  Bulletin  covering  the  forging  and  beat  treating  of  Armco  17-4  PH 
and  17-7  PH  billeu,  bars  and  forgings. 

In  critical  types  of  upset  forgings  and  hot  flattening  operations,  Armco  17-4  PH  stainless  steel 
may  split  and  rupture.  Armco  15-6  PH  VAC  CE  suinless  will  perform  better  because  it  has  no 
delu  ferrite,  and  minimal  directionality. 

Welding 

Sound  joints  can  easily  be  produced  in  Armco  15-5  PH  VAC  CE  stainless  with  proper  welding 
practice.  Properties  comparable  to  those  of  the  parent  meUl  can  be  secured  in  the  weld  by 
■postweld  heat  treatment.  Procedures  employed  for  welding  are  similar  to  those  ordinarily  used 
for  the  austenitic  types,  even  though  the  composition  of  Armco  15-5  PH  VAC  CE  stainless  and 
its  structure  more  closely  resemble  that  of  a martensitic  stainless  steel.  Any  of  the  arc  and 
resisunce  welding  processes  used  on  the  regular  grades  of  stainless  steel  are  suitable  for 
Armco  15-5  PH  VAC  CE  suinless  steel.  The  most  ouUtanding  welding  property  of  this  steel  is 
iu  ability  to  withsUnd  welding  operations  without  requiring  preheating. 

Favorable  composition  accounU  for  the  good  performance  of  Armco  15-5  PH  VAC  CE  suinless 
in  welding.  The  very  low  carbon  content  is  an  important  feature  because  it  restricts  the 
hardness  of  rapidly  cooled  material  and  avoids  the  formation  of  cracks  in  the  weld  meUl  and 
the  heat-affected  tone  of  the  base  meUl.  This  eliminates  the  need  for  pre-heating.  While  the 
Armco  15-5  PH  VAC  CE  suinless  base  meUl  shows  no  susceptibility  to  spontaneous  an- 
derbead  cracking  from  weld  hardening,  it  does  not  possess  the  high  ductility  and  toughneu  of 
austenitic  Cr-Ni  steels.  Therefore,  it  should  not  be  subjected  to  high  levels  of  biaxial  or  triaxial 
stress  from  severely  restrained  weldmenu  or  exposed  to  nouhed  conditions.  Weldment  design 
should  be  given  the  same  atuntion  required  for  any  high-strength  alloy  steel  to  avoid  the  eon- 
eentration  of  residual  welding  stress  or  reaction  stress  at  square  comers,  unfused  notches  and 
sharp  threads. 
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la  fiuioa  weldiag,  it  i*  importaat  that  eonsideration  be  given  to  proper  eoatrol  of  the  weld 
deposit  eompoaition.  Fillerleae  welds  such  as  are  possible  with  the  Gas  Tuagstea'Arc  and  Elec* 
tron  Bean  proeesses  should  be  avoided.  A filler  should  always  be  added.  The  addition  or  use  of 
W 17*4  PH  electrodes  and  filler  material  arc  suggested  for  weld  deposits  where  mechanical 
properties  equivalent  to  those  of  the  parent  metal  are  needed.  Where  the  weld  deposit  is  not 
required  to  have  a strength  level  equivalent  to  that  of  the  parent  metal,  a Type  808  stainless 
steel  electrode  may  be  used.  The  information  found  in  the  Fabricating  Data  Bulletin  on 
Welding  Armoo  17*4  PH  stainless  steel  will  be  helpful  in  welding  Armco  lS-5  PH  VAC  CE 
stainless  steel. 


! 
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Mochinins 

Armco  1&-5  PH  VAC  CE  stainless  steel  can  be  machined  in  either  the  solution-treated  or  any  of 
the  heat-treated  conditions.  One  of  the  imporunt  advantages  of  the  alloy  is  it  can  be  finish 
machined  in  Condition  A,  then  heat  treated.  Because  the  final  hardening  temperatures  are  low. 
there  is  no  harmful  scaling  or  distortion.  Design  allowance  can  be  made  for  the  predicuble  con- 
traction on  hardening. 

Machining  rates  for  Armco  1&-5  PH  VAC  CE  stainless  steel  in  Condition  A are  similar  to  those 
for  Types  302  and  304  stainless  steels  In  the  hardened  condition  (H  900)  this  material  should  be 
machined  at  60%  of  the  rate  used  for  Condition  A.  Surface  finishes  in  either  condition  are  ex- 
cellent. Best  tool  life  is  achieved  from  Condition  H 1150-M;  however,  higher  cutting  forces  may 
be  encountered. 


Cutting 

In  general,  the  cutting  procedures  commonly  used  for  the  standard  chromium-nickel  types  also 
apply  to  Armco  15-5  PH  VAC  CE  stainless  steel. 

Cold  sawing  is  recommended  for  cutting  bars  and  forging  billets.  Hot  cutting  or  abrasive  wheel 
cutting  w’ith  a large  volume  of  coolant  has  been  used  successfully.  However,  it  should  be  noted 
that  abrasive  wheel  cutting  can  cause  small  surface  cracks  on  the  cut  face. 

Torch  cutting  Armco  15-5  PH  VAC  CE  suinless  steel  requires  a process  suited  for  cutting 
stainless  steel,  such  as  flux-injection,  powder  cutting,  oxy-arc  or  arc-air  methods.  Since  the 
heat-affected  lones  of  Armco  15-5  PH  VAC  CE  suinless  are  not  significantly  hardened  or  em- 
brittled by  the  localized  heat  of  welding  or  torch  cutting,  this  alloy  offers  good  possibilities  for 
oxygen  or  air  torch  cutting.  Armco  15-5  PH  VAC  CE  suinless  bars  can  be  torch  cut  by  flux- 
injection  or  iron  powder  processes. 

Dtscoling 

Hardening  treatmenu  produce  only  a light  heat  tint  on  surfaces.  This  heat  tint  can  easily  be 
removed  with  a few-minute  pickle  in  10%  nitric-2%  hydrofluoric  acid  (by  volume)  at  110  to  140 
P (43  to  60  C).  This  treatment  also  passivates  or  cleans  the  surfaces  for  maximum  corrosion 
resistance.  Where  pickling  is  undesirable,  heat  tint  may  be  removed  by  electropolishing 
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Where  forsiag  or  eolution  treoting  u performed,  the  following  pickling  method  ontiefnctorily 
remove*  eurfice  eenle.  The  use  of  sodium  hydride  or  Virgo  process  to  dsscnle  is  limited  since 
these  methods  harden  solution<troatod  material. 


Table  XVIII 
Daaealing  Proeaduras 


Procedure 


ac>d  aeth 

Ceustic  Permengsnete 
t0%  Nitric  Actd-f 
2%  Hydroflurorie  Acid 


Temp.  P Id 

teo-tao  (71-83) 


110-140(43-60) 


Time 

Temp. 

MitMitee 


Wster  rin«e 
Hot  wster. 
high  pressure 
water  or 
brush  scrub 


In  pickling  operations,  close  control  of  time  and  temperature  is  necessary  to  obtain  uniform 
scale  removal  without  over-etching. 

The  most  satisfactory-  method  of  removing  scale  resulting  from  the  solution  treatment  or  from 
forging  is  grit  blasting.  Scale  softening  methods  may  be  used  on  material  that  has  been  solu- 
tion treated  (not  pickled)  and  preeipiution  hardened. 
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APPENDIX  G 


When  the  transducer  body  Is  removed  from  the  furnace  and  air  cooled,  the 
temperature  may  differ  from  point  to  point  within  the  transducer  body  due  to 
the  relatively  rapid  cooling  and  the  finite  thermal  conductivity  of  the  material. 
Such  temperature  differences  may  induce  significant  stresses  due  to  differential 
thermal  contraction.  If  these  stresses  exceed  the  yield  stress  of  the  material, 
at  the  temperature  involved,  plastic  deformation  will  occur  in  the  transducer 
body  which  may  be  detrimental  to  its  ultimate  operating  behavior.  The  thermal 
shock  stress  to  be  expected  in  the  transducer  body  during  air  cooling  from  the 
solution  treatment  temperature  of  1,900°F  is  estimated  in  the  following  analysis. 

The  transducer  body  consists  of  a thin  flat  circular  diaphragm  attached  at 
its  periphery  to  a relatively  thick  outer  ring.  The  diaphragm  portion  tends 
to  cool  more  rapidly  than  the  outer  ring  because  it  has  a higher  ratio  of 
surface  area  to  heat  capacity.  Since  the  diaphragm  is  connected  to  the  ring, 
heat  flows  radially  inward  from  the  ring  into  the  diaphragm  by  condution 
within  the  material.  This  tends  to  reduce  the  temperature  difference  between 
the  diaphragm  and  the  ring.  At  the  same  time,  the  heat  transfer  out  from  the 
surfaces  of  the  diaphragm  tends  to  increase  this  temperature  difference.  Thus 
the  temperature  distribution  within  the  diaphragm  is  governed  by  the  balance 
between  heat  conduction  within  the  material  and  heat  transfer  from  its  surface. 

In  order  to  estimate  this  temperature  distribution  quantitatively,  we  make 
the  following  simplifying  approximations: 

1.  The  heat  transfer  away  from  the  surfaces  of  the  diaphragm  is  by 

radiation.  Thus  the  amount  of  heat  leaving  unit  area  of  surface  at 

4 

any  instant  is  eST  , where  e is  the  emissivity  of  the  surface,  S is 
the  Stephan-Boltzmann  constant  and  T is  the  absolute  temperature. 
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At  and  near  the  solution  heat  treatment  temperature  of  1.900'^F  = 1,310\. 
I other  mechanisms  of  surface  heat  transfer  are  negligible. 

i 

[ 

2.  We  neglect  the  heat  capacity  of  the  diaphragm  due  to  its  small  thick- 
ness. This  leads  to  an  overestimation  of  the  temperature  gradient 
and  the  resulting  stresses. 


i' 


The  differential  equation  which  expresses  the  balance  between  heat  flowing 
into  and  out  of  an  infinitesimal  circular  ring  portion  of  the  diaphragm  at 
radius  r is  then 


Id  dT  \ 2eS 
r dr  \ ^ / kh 


(1) 


where  k is  the  thermal  conductivity  of  the  material  and  h is  the  thickness  of 
the  diaphragm. 

4 

Since  the  heat  loss  by  radiation  is  proportional  to  T , the  maximum 
temperature  gradient  and  resulting  stress  will  occur  when  the  temperature  is 
still  near  the  initial  heat  treatment  temperature,  T^.  Therefore  we  may 
linearize  the  differential  equation  in  the  following  way: 

Let  T = Tjj  (1  - t),  (2) 

where  t <1. 

Then  T^  * T^^  (1  - 4 t),  (3) 

where  higher  powers  of  t have  been  neglected.  When  (3)  is  employed  in  (1), 
the  result  is: 
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1 d / dT  \ A 

f HF  r 3F/  ■ ® ^ 


T®  • 


BeST, 


»»here  B ■ 


■RF 


(4) 

(5) 


(6) 


The  general  solution  of  the  differential  equation  (4)  Is 
T - } + A Jp(18r)  + BNj^dBr), 

where  and  are  the  Bessel  functions  of  zero  order  of  the  first  and 
0 0 

second  kinds,  respectively,  1 * and  A and  B are  arbitrary  constants. 


Since  T must  be  finite  at  r = 0,  while  Njj(lBr)  Is  Infinite  at  r = 0, 
we  must  take  B = 0.  The  temperature  of  the  diaphragm  at  Its  periphery, 
r « a.  Is  equal  to  the  temperature  of  the  outer  ring  portion  of  the  transducer, 
T-,  at  any  Instant.  Therefore  we  have 

O 


T = r * 
a 


..fa-i) 

^ - -J^TTBa)  • 


1 - at  r » a,  (7) 

0 

When  this  Is  employed  In  (6),  the  other  Integration  constant  Is  seen  to  be 

(8) 

Thus  the  solution,  fit  to  the  boundary  conditions.  Is 

^ * i * (^a  • i)  J^bTT  • 

Using  (2)  and  (7)  In  (9),  It  Is  easy  to  show  that  the  difference  between  the 
temperature  of  the  outer  ring  and  the  temperature  of  the  diaphragm  at  radius 
r Is  given  by 


T - do 


>[- 


Jodar)! 

JTIbSTJ 


(10) 
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Clearly  the  maximum  temperature  differences  between  the  outer  ring  and 

the  diaphragm  occur  when  T * T when  the  transducer  body  is  first  removed  from 

A 0 

furnace.  Thus  the  maximum  temperature  difference  is 


T - T 
0 


i^o  1- 


The  radial  and  circumferential  strains  in  the  diaphragm  are 


^ ^ = r <“r  - '"’e'  - - 'I 


where 

u = radial  displacement 
E = Young's  modulus 
V = Poisson's  ratio 

a - coefficient  of  linear  thermal  expansion 

o = radial  stress 
r 

o„  = circumferential  stress. 

6 

The  equation  of  equilibrium  of  stress  in  the  diaphragm  is 


—L  + i (0  - Of.)  = 0.  (13] 

dr  r r ® 

When  equations  (12)  are  solved  for  and  a^,  and  the  results  substituted  in 
(13),  we  obtain 


{ 

(ru)]  .-»(l*v)|p(T„-T). 
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When  this  is  integrated,  using  (11)  for  (T  - T),  the  result  is 


u » -a(l  v)  y Tj, 


. iJ,(i6r) 


1+  Cr  + D X i » 


(15) 


where  Jj  is  the  Bessel  function  of  the  first  order,  and  C and  D are  integra- 
tion constants. 


The  boundary  conditions  are,  first,  u * 0 at  r * 0.  Therefore,  D » 0. 
Second,  u * 0 at  r * a,  so  that 


C * o(l  +v)  ^ T^ 


1 + 2 


iJj(iBa) 

fia 


(16) 


Thus  the  displacement,  fit  to  the  boundary  conditions,  is 
a(l  + v)T, 


* WJIW)  a ■ ^ • 


(17) 


When  (17)  and  (11)  are  substituted  into  (12),  and  the  results  solved  for 
the  stresses,  we  find 


°r  4(l-v) 

°e  TTT^v) 


1 + (1  + r) 


iJj(i6a) 

6aJp(i6a) 

iJ,(iBa) 


+ (1  - v) 


iJj(i6r) 
fir  J.(^^a) 


J-(i6r)  iJj(i6r) 

1 BaJpCfBa)  ’ U^TTBaT  - BrJ^(i6a) 


(18) 


Equations  (18)  show  that  the  maximum  stress  occurs  at  the  center  of  the 
diaphragm,  r * 0,  where  the  radial  and  circumferential  stress  components 
are  equal  and  given  by 

°m  4(l-v) 


iJldPa)  (1  - v) 


\ ipa; 

1 BaJ  (TbT)  ■ 


2 JqTW 


(19) 
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The  necessary  numerical  values  of  the  material  properties  for  17-4PH 
and  15-5PH  stainless  steels  at  1,900°F  are  obtained  by  extrapolation  from 
data  at  lower  temperatures,  given  by  Republic  Steel  Corp.,  Cleveland,  Ohio, 
In  their  technical  bulletin,  "Precipitation  Hardenable  Stainless  Steels," 
1975.  These  are 

E « 20  X 10®  psi 
V = 0.272 

a * 16.7  X 10’® A 
k = 30.6  W/m°K, 


The  Stephan-Boltzmann  constant  is 

S = 5.67  X 10"®  W/m^(°K)^, 
and  the  solution  treatment  temperature  Is 


Tjj  = 1,310"K. 


The  thickness  and  radius  of  the  diaphragm  are  taken  to  be 
h * 0.005  in.  = 1.27  x 10"% 
a = 0.150  in.  = 3.81  x 10”®  m. 

We  assume  that  the  emissivity  of  the  diaphragm  surfaces  is  e = 1.  If  the 
actual  emissivity  is  less  than  one,  the  actual  stress  Is  somewhat  less  than 
the  value  obtained  below. 


When  these  values  are  employed  in  (5),  It  Is  found  that 
6 * 512/m. 


i ' 

I 

L 

5- 
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The  difference  between  the  temperature  of  the  outer  ring  and  the  center 
of  the  diaphragm  is  given  by  (11)  with  r « 0,  with  the  result 


To  - \ . 0 “ 


The  corresponding  value  of  the  temperature  parameter  r is 
T = 0.137. 


This  shows  that  the  linearizing  approximation  employed  to  solve  the  temperature 
distribution  equation  is  reasonable.  Finally,  the  stress  given  by  (19)  is 

o„  * 58,000  psi. 
m 

This  stress  probably  exceeds  the  yield  stress  of  the  material  at  the 

temperature  involved  (1310-180  = 1,130°K  = 1,570°F),  so  that  the  diaphragm  will 

be  plastically  deformed  a slight  amount  in  tension.  Later,  when  the  temperature 
has  become  uniform  throughout  the  transducer  body,  this  will  result  in  a com- 
pressive stress  in  the  diaphragm.  This,  in  turn,  will  probably  cause  a slight 
buckling  of  the  diaphragm.  Such  buckling  may  lead  to  nonlinear  and/or  unstable 
electrical  output  from  the  finished  transducer  under  low  applied  stress. 


This  thermal  shock  and  resulting  plastic  deformation  of  the  diaphragm  could 
be  avoided  by  enclosing  the  transducer  body  in  a metal  container  during  heat 
treatment. 
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PLASTIC  DEFORMATION  ANALYSIS  OF 
DIAPHRAGM  FOR  OVERPRESSURE  CONDITIONS 


by  David  S. 

f 


Wood 


ILLUSTRATIONS 


Figure  Page 
H-248  Plastically  Deformed  Diaphragm  H-426 
H-249  Plastic  Strain  vs  Pressure  Parameter  H-430 
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CONCLUSIONS 

An  analysis  of  the  plastic  deformation  behavior  of  the  transducer  diaphragm 
was  conducted  under  motor  firing  or  other  overpressure  conditions.  The 
conclusion  Is  that  a diaphragm  0.005  In.  thick  and  0.300  In.  In  diameter  made  of 
15-5PH  In  the  H900  heat  treatment  conditions  will  withstand  a pressure  of  at 
least  4,650  psi  before  fracturing.  The  deflection  of  the  center  of  the  diaphragm 
under  a pressure  of  1,000  psi  will  be  less  than  0.0066  In. 

The  analysis  provides  formulae  which  may  be  employed  to  compute  the  corresponding 
results  for  other  design  parameters. 
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The  transducer  is  design  to  operate  within  the  range  of  reversible  elastic 
stress  and  strain  while  it  is  employed  to  measure  the  relatively  small  stress 
in  the  propellant  during  storage.  However,  the  much  higher  pressure  to  which 
it  is  subjected  when  the  motor  is  fired  will  produce  plastic  or  permanent 
deformation  of  the  thin  diaphragm  portion  of  the  transducer.  If  the  diaphragm 
were  designed  to  react  purely  elastically  under  firing  pressure,  the  sensitivity 
and  long-term  stability  of  the  transducer  for  measurement  of  prefiring  propellant 
stresses  would  be  seriously  compromised. 

The  plastic  deformation  of  the  diaphragm  under  firing  pressure  should  be 
limited  so  that  the  diaphragm  does  not  fracture,  because  such  a fracture  might 
cause  premature  ignition  of  the  propellant  at  the  transducer  location.  The 
following  is  an  analysis  of  the  plastic  behavior  of  the  diaphragm  under  firing 
or  other  overpressure  conditions  which  provides  information  so  that  the  trans- 
ducer can  be  designed  to  meet  this  requirement. 

For  simplification,  we  neglect  the  strengthening  effect  upon  the  diaphragm 
of  the  central  support  provided  by  the  rod  which  connects  the  diaphragm  to  the 
gage  beam.  In  other  words,  we  neglect  the  force  with  which  the  gage  beam  tends 
to  resist  deflection  of  the  diaphragm.  Thus,  we  will  underestimate  the  pressure 
which  will  cause  fracture  of  the  diaphragm  and  overestimate  the  diaphragm 
deflection  which  will  be  produced  by  a given  overpressu -e. 

The  diaphgragm  is  deformed  plastically  into  a surface  of  revolution  shown 
schematically  on  Figure  H-248.  The  line  AOP  is  the  axis  of  symnetry  and  D is 
the  diameter  of  the  diaphragm.  The  line  AB  of  length  r^  is  perpendicular  to 


H-430 


Figure  H-248.  Plastically  Deformed  Disphragm  17710 

the  surface  of  the  deformed  diaphragm  at  an  arbitrary  point  B,  and  is  at  an 
angle  ^ from  the  syimetry  axis.  The  radius  along  a perpendicular  from  the 
syimetry  axis  to  point  B is  r^,  6 is  the  angular  position  around  the  symmetry 
axis,  and  r^  is  the  radius  of  curvature  of  the  deformed  diaphragm  in  a meridian 
plane  at  point  B.  An  infinitesimal  element  of  the  deformed  diaphragm  defined 
by  angular  increments  d4i  and  d0  at  point  B is  shown  with  the  forces  acting  on 
it.  The  latter  consist  of  the  force  per  unit  length  in  the  circumferential 
direction,  N0  , the  force  per  unit  length  in  the  meridian  direction,  Ng,  and 
the  applied  pressure,  p. 


The  stresses  in  the  diaphragm  are 


in  the  meridian  and  circumferential  directions  respectively,  where  h is  the 
diaphragm  thickness.  Bending  stresses  in  the  diaphragm  are  neglected  because 
they  become  negligible  when  the  plastic  deformation  exceeds  elastic  strains 
significantly. 

The  equation  of  equilibrium  of  the  diaphragm  element  in  the  meridian 
direction  is^^^ 

^ (<^0  V - cos  ♦ Ng  * 0 . (2) 


This  may  be  transformed  into  a more  convenient  form  as  follows: 
ds  = rj  d ((), 

where  ds  is  the  dimension  of  the  element  in  the  meridian  direction.  But 


cos  i)i  ds  = dr^ ,, 

dr 

so  that  rj  cos  (j)  = . 


Thus,  (2)  may  be  written 


dr 


Rearranging  this  and  using  (1)  gives 
= d?;  ^'o  ^0^  • 


(3) 


m 


S.  Timoshenko,  "Theory  of  Plates  and  Shells,"  McGraw-Hill,  1940,  p.  358. 
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The  equation  of  equilibrium  of  that  portion  of  the  diaphragm  extending 
from  the  center  out  to  angle  4 1s^^^ 

2wrp  sin  ♦ ♦ R » 0,  (4) 

where  R Is  the  total  axial  load  in  the  upward  direction.  In  the  present  case, 
R . -nr  ^p. 


so  that  (4)  becomes 

• I rnriF  * 

Using  (1)  and  the  fact  that 


sin  <(i  = — , 
*^2 


this  becomes 

= I P IP  • 

Now  we  employ  the  approximations  that  the  material  obeys  the  Tresca  or 
maximum  shear  criterion  of  yielding,  and  that  it  does  not  work-harden.  Both 
of  these  approximations  lead  to  an  underestimation  of  the  pressure  which  will 
fracture  the  diaphragm,  because  they  underestimate  the  stresses  in  the 
diaphragm  slightly.  According  to  these  approximations,  one  or  the  other  of 
the  two  stress  components  and  Oq,  is  a constant  equal  to  the  yield  stress 
of  the  material,  Y.  Equation  (3)  shows  that  if  one  of  the  stress  components 
is  constant,  the  other  is  equal  to  the  same  constant.  Substitution  of  this 
result  in  (5)  then  gives 


2 P 
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since  Is  Independent  of  position,  4>,  the  diaphragm  Is  plastically 
deformed  Into  a spherical  cap  whose  radius  Is  given  by  (6). 

The  total  length  along  a meridian  of  the  deformed  diaphragm  Is 

1 “ 2r2  ♦jj , 


(7) 


where  Is  the  value  of  4*  at  the  outer  edge.  Thus  the  plastic  strain  in  the 
meridian  direction  Is 


S 2 IT  ♦d  ■ ^ • 


(8) 


The  plastic  strain  in  the  circumferential  direction  must  be  zero  at  the 
outer  diameter,  and  increases  toward  the  center.  At  the  center  it  must  be 
equal  to  the  meridional  strain.  Thus  at  the  center  we  have  an  equal  biaxial 
plastic  strain  given  by  (8).  This  is  equivalent  to  a strain  in  simple 

tension  of  twice  that  value.  Thus  the  equivalent  plastic  strain  at  the  center 
of  the  diaphragm  is 


From  the  geometry  of  the  deformed  diaphragm,  we  have 


(9) 


S'"  ♦d  “ 


(10) 


Solving  (9)  for  4»p,  substituting  the  result  in  (10),  and  using  (6)  to  replace 
r2  gives 


sin  |(1  + j«p) 


(in 
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Equation  (11)  may  be  solved  numerically  for  the  equivalent  plastic  strain, 
Cp,  as  a function  of  the  pressure  parameter  ^ . The  result  Is  shown 

graphically  In  Figure  H-249. 

The  deflection  at  the  center  of  the  diaphragm,  6 (the  distance  OP  In 
Figure  H-1),  Is  given  by 


6 = r2  (1  - cos  <|»jj)  . 


Using  (6)  and  (10),  this  becomes 


. 2Yh 
^ ■ "TT 


> - /■  -(ifg/  • 


S 012 


S 

; ooe 


. . 1 0 p 

Pressure  parameter,  ^ ~ 

Figure  H-249.  Plastic  S'^raln  vs  Pressure  Parameter 
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The  pressure,  P^,  which  will  fracture  the  diaphragm,  is  obtained  from 
the  graph  in  Figure  H-261  by  equating  the  equivalent  plastic  strain  to  the 
elongation  in  a simple  tensile  test.  For  example,  if  the  diaphragm  is  made  of 
15-5PH  stainless  steel,  heat  treated  to  condition  H900  so  that  its  elongation 
to  fracture  is  0.06,  the  graph  gives  the  value  of  the  pressure  parameter 

ir F ' 

The  minimum  yield  stress  of  this  material  is  Y * 170,000  psi.  If  we  take  the 
thickness  of  the  diaphragm  to  be  h = 0.005  in.  and  the  diameter  D * 0.300  in., 
this  gives  the  pressure  to  produce  fracture 

» 4,650  psi . 

The  deflection,  6,  produced  by  a firing  pressure  of  p = 1,000  psi,  acting 
on  a diaphragm  of  the  same  material,  and  dimensions  is  found  from  (12) 

6 = 6.6  X 10"^  in. 

Note:  For  pressures,  dimensions,  and  yield  stress  of  the  order  of  those 
wiployed  above,  the  square  of  the  pressure  parameter 


is  much  less  than  one  (0.00792  in  the  above  case).  Therefore,  expanding  the 
square  root  in  a power  series,  and  neglecting  quantities  of  the  order  of 


and  higher,  equation  (12)  becomes 
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The  development  of  a miniature  cryo- 
genic and  standard  platinum  resis- 
tance thermometer  line  was  undertaken  after 
tests  of  the  original  model ' revealed  many 
desirable  properties  for  laboratory  use 
Gehring  and  Gerstein  J reported  that  the 
thermometer  could  be  sufficiently  stabilized 
for  thermodynamic  measurements  by  ther- 
mal shocking  between  liquid  helium  and  room 
temperature.  They  found  that  the  triple- 
point-of-water  resistance  varied  by  as  much 
as  0.0043  ohm  following  initial  thermal  shock- 
ings,  but  rerriained  constant  to  within  0.0002 
ohm  (0.0005K)  sitei  approximately  20  ther- 
mal shocklngs. 

Johnston  and  Lindberg  3 reported  excel- 
lent stability  and  sensitivity,  butdetected  an 
anomaly  in  the  resistance-temperature  curve 
below  90K.  Their  report  indicated  that  the 
thermometer’s  ice-point  resistance  had  re- 
mained constant  within  10  parts  per  million 
over  a 12-month  period,  had  about  four  times 
the  sensitivitj’  of anothercommercially  avail- 
able platinum  thermometer,  and  met  the  re- 
quirements of  the  International  Fh-actlcal 
Temperature  Scale  above  90K.  However, 
Johnston  and  Lindberg  also  found  that  the 
resistance  ratios  dropped  less  rapidly  below 
90K,  thus  making  it  impossible  to  interpo- 
late using  the  deviation  plot  method  or- 
dinarily used  when  calibrating  below  90K. 

Subsequent  to  these  reports,  the  American 
Calorimetry  Conference  Committee  on  Min- 
iature Platinum  Thermometer  Standardiza- 
tion conducted  a survey  in  which  a question- 
naure  was  sent  to  those  who  had  expressed 
interest  in  having  available  a miniature  plat- 
inum resistance  thermometer  for  cryogenic 
use. 

As  a result  of  the  tests,  design  criteria 
suggested  by  the  American  Calorimetry  Con- 
ference and  other  recommendations,  the 
thermometer  was  redesigned,  and  several 
Improvements  were  incorporated  in  twelve 
different  models  to  meet  the  International 
Practiced  Temperature  Scale  specifications 
for  laboratory  resistance  thermometers. 

The  following  improvements  were  made, 
resulting  in  the  revised  design  as  shown 
In  Fig.  1: 

1.  The  Internal  and  header  ieadairee  were  changed 
to  platinum:  therefore,  only  platinum  existt  in  the 
sensing-clement  structure. 

2.  By  using  .051,  .025  and  .016mm  diameter  high- 
purity  platinum  wire,  aensing  elements  of  25.5  ohms. 
100  ohms  and  470  ohms  at  273  15K.  respectively, 
were  designed  into  miniature  cates 

3.  The  solder  for  the  case  seal  war  changed  to  a 
gold-tin  alloy,  eutectic  at  553K.  The  tiermometers' 
upper  temperature  rating  thus  has  been  increased 
to  533K  to  permit  calibration  at  the  tin  point 

4.  Case  diameter  wa>  reduced  to  3.175mm  for 
physical  Interchangeability  with  commercially  avail- 
able germanium  thermometers. 


A 
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5.  The  CMC  maurlal  vM  changad  to  copper,  rather 
than  platinum,  becauae  el  lea*  coat  to  uaar  and 
graatcr  thermal  cooduetivlty. 

6.  The  internal  platinum  laadwlraa  acit  through 
a glaae-to^laOnum  hermetic  header. 

7.  All  thermometera  were  dealgned  for  either  Tel- 
lon-lnaulated  atranded  copper  lead  eatenalona  or 
bare  platinum  iaadwtraa. 

ft,  Magnetic  matertala  In  the  caae  and  haader  were 
replaced.  All  matertala  uaed  are  non-magnetlc. 

ft  The  .320mm  diameter  platinum  laaderlma  ate 
htUy  annealed  for  increaaed  ductility. 

to.  1%c  cnaea  are  back-AUed  with  08%  dry  helium 
and  2%  pure  ocygea 

11.  All  thermometera  are  thermally  cycled  from 
liquid  helium  to  upper  rated  temperature,  with  re- 
peated meaaurementa  at  Axed  temperature  pcinu 
to  verify  quality  and  atabUlty. 

The  basic  strain-tree  element  configuration 
which  bad  yielded  such  excellent  results 
was  not  changed.  The  construction  (Fig.  1) 
consists  of  a heUcal  platinum-wire  coil  in  a 
helical  grooved  ceramic  support.  This  struc- 
ture provides  support  without  restricting 
wire  expansion  or  contraction  with  temper- 
ature changes. 

Several  units  of  each  resistance  vsdue 
were  fabricated  and  tested  to  verify  that 
design  improvements  were  accomplished  and 
to  insure  required  stability  and  resistance 
properties  for  standard  thermometers.  < 

Four  25-ohm,  eight  100-ohm,  and  nine  4 70- 
ohm  at  273. 15K  thermometers  were  fabri- 
cated. All  twenty -one  thermometers  were 
tested  for  repeatability  after  belium  thermal 
shocking.  Residual  resistances  at  the  belium 
point  were  measured  and  resistance  ratios 
from  373. 15K  to  273. 15K  were  computed. 
Two  thermometers  of  the  original  design 
were  brought  through  the  same  test  program 
to  compare  residual  resistance  at  the  belium 
point.  A lOO-ohm  thermometer  was  calibra- 
eted  from  4.2K  to  lOOK.  The  calibration  re- 
sults were  useu  to  determine  If  resistance 
values  could  be  interpolated  pertbel.P.T.S.- 
68  formulas  from  13K  to  273. 15K. 

Repeatability  after  helium  thermal  sbock- 
ings  was  first  tested  to  verify  that  the  re- 
design bad  not  affected  resistance  stability. 

Seven  thermometers  were  measured  at 
the  triple  point  of  water  and  the  balance  at 
the  Ice  point  before  any  thermal  cycling.  The 
units  then  were  cycled  between  room  ambient 
and  Uquid  helium,  allowing  sufficient  time  at 
each  temperature  to  stabilize.  Resistance 
measurements  were  repeated  at  the  water 
triple-point  and  Ice-polnt  after  15,  20, 2^  and 
28  cycles. 

There  was  no  pattern  of  significant  resis- 
tance change  from  0 to  28 thermal  shock- 
Ings.  Nineteen  sensors  repeated  resistance 
within  measurement  equipment  accuracy. 


One  25-ohm  thermometer  changed  resis- 
tance downward  by  .003  (dim  during  the 
first  20  shock  cycles,  then  remained  stable. 
One  of  the  1 00-ohm  models  showed  an  ap- 
parent shift  of  .03  ohm  in  one  of  five  read- 
ings taken  at  the  ice  point. 

The  redesign  evidently  retained  the  in- 
herent resistance  stability  reported  by  Geh- 
rlng  and  Gerstein. 

All  twenty-one  thermometers  then  were 
measured  for  resistance  at  the  liquid  beUum 
point.  The  resistances  obtsuned  were  divided 
by  the  final  ice-point  or  triple-point  resis- 
tances obtained  after  twenty-eight  thermal 
sbockings. 

RESIDUAL  RESISTANCE 

The  average  residual  resistance  ratio  for 
the  redesigned  1 00-ohm  thermometer  was 
lets  them  half  that  of  the  old  design  (0.000- 
43356  vs  0.0010146).  No  design  change  had 
been  made  in  the  platinum  element  config- 
uration, but  a short  section  of  a nickel- 
cobalt-iron  alloy  in  the  sensing  circuit  had 
been  removed.  This  alloy  wsis  used  for  lead- 
wires  in  the  glass-to-metal  sealed  header  in 
the  original  model.  The  thermometers'  re- 
sistance values  below  90K  now  agree  arith 
the  characteristic  values  of  platinum,  indi- 
cating that  the  alloy  removal  corrected  the 
resistance-temperature  anomaly  detected  by 
Johnston  and  Lindberg. 

There  are  some  diflerences  of  opinion  as 
to  what  the  maximum  and  minimum  residusd 
resistances  should  be,  but  it  is  generally 
agreed  that  low  residual  resistance  is  an  in- 
dicator of  element  purity,  degree  of  anneal, 
and  strain-free  element  configuration  Frank 
D.  Werner  * indicates  that  a platinum  ther- 
mometer typically  would  have  a residual 
resistance  ratio,  RaraisK  /Rcsk  , of 
1000/ 1.  All  twenty-cue  thermometers  had 
residual  resistance  ratios  greater  than 
1800/1. 

ALPHA  COEFFICIENT 

Another  measure  of  merit  of  a platinum 
thermometer  is  the  alpha  coefficient.  The 
alpha  coefficient  of  21  thermometers  tested 
was  greater  than  the  .003925  minimum  re- 
quired by  the  I.P.T.S.-68. 

A 1 00-ohm  (at  273. 15K)  thermometer  was 
calibrated  in  small  increments  from  4.2K  to 
lOOK,  using  certified  germanium  thermo- 
meters as  calibration  standards.  The  resi- 
dual resistance  at  4.2K  of  the  platinum  ther- 
mometer exactly  repeated  the  .045-ohm  re- 
sidual measured  approximately  one  month 
earlier.  Resistance-temperature  curves  for 
this  thermometer  were  plotted  as  shown  in 
Figs.  2 and  3 from  the  calibration  data  in 
Table  1. 

The  calibration  data  was  checked  by  com- 
puting the  dR/dT  and  d^R  dT^,  and  ex- 
amining the  computed  values  for  smooth- 
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ncM.  Tlte  mtasured  v«luet  conform  closely 
to  computed  values.  A dR/dT  plotfrom4.2K 
to  20K  Is  shown  In  Fig.  4. 

There  was  concern  as  to  whether  the  phen- 
omenon known  as  "scattering”  would  occur. 
It  had  been  suggested  that  wire  smaller  than 
.076mm  in  diameter  would  have  a limiting  ef- 
fect on  the  mean  free  path  of  electrons  re- 
sulting in  electron  surface  scattering.  This 
surface  scattering  effect  would  be  evidenced 
by  a krtee  in  the  resisUnce-temperature 
curve  somewhere  below  20K,  followed  by  a 
considerable  flattening  of  the  curve  below 
this  discontinuity  point.  No  such  discontin- 
uity is  noted  in  calibration  data  for  the  100- 
ohm  thermometer,  which  is  plotted  from  4. 2K 
to  20K  in  curve  form  in  Fig.  2.  Neither  do 
the  ratios  of  resistance,  Rjts.iskX’Rok 
indicate  any  unexpected  flattening  of  the 
characteristic  values.  The  ratios  average 
2200/1,  2200/1  and  1600/1  for  the  test 
thermometers  having  element  wire  diame- 
ters of  .051,  025  and  .018mm,  respectively. 
These  are  well  above  the  1000/1  ratio  that 
Werner  suggests  is  typical  of  a platinum 
thermometer. 

Resistances  neair  the  fixed  points  defined 
by  the  International  Practical  Temperature 
Scale  of  1968*  were  taken  from  the  test 
data  and  ratios  at  these  points  were  com- 
puted to  obtain  ^W(Tss  )•  A FORTRAN 
program  was  written  for  a computer  to  solve 
for  the  constants  in  the  deviation  functions 
as  defined  for  the  four  parts  of  the  temper- 
ature range  from  13K  to  273. 15K  by  the 
I.P.T.S.-68. 

The  FORTRAN  program  was  also  written 
to  Interpolate  hW(Tts  ) intermediate 

temperatures  between  the  fixed  points  se- 
lected from  the  test  data.  The  ratio  devia- 
tions were  then  algebraically  added  to  the 
tabulated  values  Wccr-ss  )fro>nI.P.T.S. 

-66.  The  resulting  sums  were  multiplied  by 
the  resistance  at  273. 15K  for  the  calibrated 
thermometer. 

The  computed  resistances  from  the  For- 
tran program  and  formulas  of  I.P.T.S.-66 
were  compared  with  the  actual  measured 
resistance  values.  The  deviations  in  the  four 
parts  are  shown  in  Table  II.  Measured  data 
of  a greater 'degree  of  accuracy  is  needed  to 
determine  if  closer  correlation  can  be  reali- 
*ed. 

Extrapolating  from  273K,  the  computer 
table  value  at  273. 16K  would  have  been 
100.080  ohms.  This  was  exactly  the  value 
measured  at  the  triple  point  of  water, 
273. 16K. 

Several  potential  difficulties  were  noted  in 
using  the  I.P.T.S.-66  Interpolation  formulas 
for  calibration  below  273. 15K.  The  four  poly- 
nomials and  thirteen  coefficlenu  make  the 
use  of  a computer  imperative  If  derivation 
of  a table  for  a particular  thermometer  is 
desired.  Use  of  expanded  ratio  tables  may 
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FIGURE  2.  Resittoncs  vs  tsmpereturs  from  4.2K 
Is  20K  for  lOO-ehm  at273.I5K  ikermemstsi. 


FIGURE  3.  Resitloncs  vs  temperolurs  from  5K  to 
lOOK  for  lOO-ehm  at  273. 15K  tharmemeter. 


FIGURE  4.  dR/dT  plot  (ohms  psr  Kslvin)  es  e 
function  of  temperature  (K);  values  derived  from 
first  differences  of  Table  1 data. 
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TABLE  I -•  CALIBRATION  DATA 


.50 

.00 

7.50 

8.00 

8.50 
9.00 

9.50 
10.00 
11.00 
12.00 

13.00 

14.00 

15.00 

16.00 

17.00 

18.00 
19.00 


X 

08MS 

X 

KELVIN 

.045 

22.00 

.046 

24.00 

.046 

26.00 

.047 

28.00 

.049 

30.00 

.051 

32.00 

.054 

34.00 

.057 

36.00 

.059 

38.00 

.063 

40.00 

.066 

45.0 

.071 

50.0 

.082 

55.0 

.096 

60.0 

.113 

65.0 

.136 

70.0 

.164 

75.0 

.198 

80.0 

.240 

65.0 

.289 

90.0 

.347 

95.0 

iiRmH 

VTiTiWilH 

TABLE  II  --  RESISTANCE  AND  EQUIVALENT 
TENfERATURE  DIFFERENCES  BETWEEN  NEASUREO 
AND  I.P.T.S.*68  INTERPOLATED  VALUES 


UK  to  20K 


C K*  6K** 


55 

60 

65 

70 

75 

80 

IL. 

65 

9.444 

20 

11.457 

22 

13.53 

24 

15.64 

26 

17.79 

28 

19.96 

30 

22.13 

32 

24.30 

34 

26.48 

1 

36 

38 

PARI  2;  20K  to  55K 

AR*  ^ 


20  0 

22  0 

24  0 

26  0 

28  0 

30  +.001 

32  0 

34  +.002 

36  +.002 

38  +.005 

+.010 
+.008 
+.004 


PARI  3:  55K  to  90K 


T (K) 


0 


0 

0 

0 


PART  4:  90K  to  lOOK 


T (K)(  AR*|  6K** 


5 -.01 

-.01 


+.0051 

AR*  ; Resistance 
difference*  ohm. 

0 

+.0083 

AK*  : Equivalent 
temp,  difference* 
kelvin 

+.0076 

+.0177 

+.0332 

+.0234 

+.0172 

b«  UMd  Instead,  but  this  will  assume  that 
the  particular  thermometer  follows  the  table 
ratioe  exactly. 

The  fixed  temperature  points  required  (or 
determination  ot  the  thirteen  coefficient  val- 
ues are  Impossible  to  realize  with  most  test 
systems.  Since  each  of  the  four  parts  depends 
on  the  next  higher  part  of  the  temperature 
range,  it  is  not  possible  to  calibrate  (or  only 
part  1,  (or  Instance,  without  determining  co- 
efficients for  parts  2,  3 and  4.  It  is  probable 
that  many  users  and  manufacturers  will  have 
to  find  alternate  means  to  calibrate. 

Thermometer  time  response  was  measured 
in  water  flowing  at  3 feet  per  second.  The 
single  time  constants,  63.2%  of  the  temper- 
ature change,  were  found  to  be  typically  5.5 
seconds,  3.5  seconds  and  2.5  seconds  for  the 
25  ohm,  100  ohm  and  470  ohm  thermo- 
meters, respectively.  The  slower  time  con- 
stant of  the  25  ohm  unit  was  due  to  an  16' 
stainless  steel  extension  soldered  to  the  ther- 
mometer case. 

To  determine  the  Inductive  effects  when 
using  the  thermometer  with  an  AC  bridge, 
a 100  ohms  at  273. 15K  thermometer  was 
measured  for  inductance.  The  inductive  re- 
actance, X- 2 e fL,  was  determined  and  used 
to  compute  the  total  impedance,  Z^(X^ 
jl3  )i/i  , at  temperatures  cf  13K  and  273.- 
ISK. 

Weyhmann  aiu)  Goldman,  Department  cf 
Physics,  University  of  Minnesota,  measured 
the  inductsince  to  be  in  the  20  to  30  m H 
range  at  lOkHz.  Using  the  30  «iH  induc- 
tance value,  the  Inductive  reactance  at  60Hz 
was  computed  to  be  0.01 13  ohm.  Assuming 
that  the  inductive  reactance  is  relatively  in- 
dependent of  temperature,  the  total  impe- 
dance was  computed  to  be  0.1 13564  ohm  at 
13K  and  100.0000006  ohms  at  273. 15X  for 
a thermometer  which  has  0.113  ohm  and 
100.00  ohms  of  resistance  at  the  respective 
temperatures. 

The  degree  to  which  the  inductive  effects 
would  be  objectionable  in  using  the  ther- 
mometer with  an  AC  bridge  would  depend 
on  the  accuracy  of  measurement  desired,  on 
bridge  frequency,  and  on  whether  the  induc- 
tive reactance  can  be  cancelled  in  the  bridge 
network. 

Results  cf  work  to  date  that  appear  cf 
most  interest  and  significance  are: 

J.The  redesign  to  all-platinum  internal 
leads  and  element  structure  has  removed  the 
anomaly  in  the  resistance-temperature  curve 
below  90K. 

2.  The  resistance-temperature  characterte- 
tlc  of  the  redesigned  thermometer  cloeely 
follows  computer-derived  values.  Including 
those  based  on  formulas  I.P.T.S.-6fi.  Func- 
tions more  practicable  to  use  than  those  of 
I.P.T.S.-66  are  needed  for  platinum  ther- 
mometer calibration  below  273. 16K.  . 


3.  Thermal  shockings  as  an  integral  part 
of  the  manufacturing  and  testing  of  each 
thermometer  result  in  improved  stability. 

4.  The  miniaturized  platinum  thermome- 
ters are  dimensionally  Interchangeable  with 
commercially  available  germanium  thermo- 
meters, permitting  wider  range  of  temper- 
ature measurement  with  essentUdly  the 
same  test  set-up. 

5.  The  small  size  of  the  thermometers  and 
the  relatively  high  thermal  conductiviQr  of 
the  case  material  result  in  faster  response 
to  temperature  changes  in  comparison  with 
most  Ivger  standard  thermometers. 

6.  Higher  resistance  elements  in  the  min- 
iature thermometers  yield  Increased  sensi- 
tivity over  the  conventional  25-obm  ther- 
mometers. 

7.  The  higher  resistance  elements  may 
permit  use  of  platinum  thermometers  to 
lower  temperatures  than  heretofore.  The 
resistance-temperature  curve  of  the  100-ohm 
thermometer  is  effectively  flat  below  6K, 
with  the  first  effective  resistance  change  of 
0.004  ohm  occurring  between  6K  and  7IC. 
From  6K  to  13K  resistance  increased  by 

0. 066. ohm,  or  150%  over  the  residual  re- 
sistance of  0.045  ohm  at  4.2K. 

8.  Residual  resistance  as  a percent  of  ice 
point  resistance  is  somewhat  lower  than 
anticipated.  Of  21  thermometers  tested,  all 
had  less  than  0.07%  residual  resistance  at 
4.2K,  with  some  as  low  as  0.04%. 

9.  The  phenomenon  known  as  "scattering” 
does  not  appear  to  be  of  significance  in  tem- 
perature measurement  with  platinum  wire 
as  small  as  .025mm  in  diameter.  This  may 
extend  to  wire  as  small  as  .018mm  in  dia- 
meter, but  more  work  is  needed  to  verify. 

Indications  are  that  the  miniature  platinum 
thermometers  described  in  this  paper  show 
considerable  promise  as  precision  temper- 
ature sensors  for  laboratory  work.  Their 
effeettveness  and  utility  will  be  determined 
as  they  become  more  widely  used  and  evalu- 
ated in  various  applications. 
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Figure  1.  Specification  for  Minco  Platinmn  Temperature  Sensor 


NAVAL  AIR  REWORK  FACILITY 
NAVAL  AIR  STATION 
NORTH  ISLAND 

IAN  O'CSO  CALI^OHNiA 

Western  Standards  '^aborator^  1 

Report  of  QIalibration 

FOR 

TEMPERATURE  MEASUREMENT  SYSTEM 

SUBMITTED  BY: 

United  Technologies,  Chemical  Systems  Division 
1050  East  Arques 
Sunnyvale,  California 


Manufacturer 

Model 

Serial 


John  Fluke  Manufacturing  Company 
8800  A Digital  Multimeter 
90986 


Manufacturer 

Model 

Serials 


Minco  Products,  Incorporated 
S 1059-2  Platinum  Resistance  Thermometer 
229  through  233 


This  temperature  measurement  system  consists  of  a digital  multimeter  and  five 
platinum  resistance  thermometers.  The  system  was  calibrated  using  the  200  ohm 
range  of  the  multimeter.  Using  this  multimeter  the  current  through  the  platinum 
resistance  thermometers  will  vary.  The  100  ohm  current  level  is  approximately 
0.8  mA. 


Temperature  measurement  accuracy  is  limited  by  the  multimeter.  The  manufacturers 
ninety  day  accuracy  is  + 0.03  ohm  on  the  200  ohm  range.  This  is  equivalent  to 
0.08°C. 


Calibration  constants  are  included  with  the  attached  tables,  as  are  the  test 
measurements  in  ohms  (R1  through  RA)  and  the  test  temperatures  in  °C  (T1  through- 
T4).  The  test  temperatures  can  be  correlated  with  the  test  temperatures  reported 
for  the  individual  platinum  resistance  thermometers  in  Report  No.  UT-1  through 
UT-5. 

Platinum  resistance  thermometer.  Serial  No.  229,  was  subjected  to  three  cal- 
brations.  The  attached  tables  Include  all  three  calibrations  but  the  first  and 
second  calibrations  are  for  informational  purposes  only.  The  third  calibration 
is  recommended  as  most  valid. 


AMBIENT  TEMP  23°C 
RELATIVE  HUMIDITY  A3% 
REPORT  NO.  UT-6 


DATE 


13  Jun  1977 


RESUBMISSION  DATE  13  Jun  1979 


TEMPERATURE  MEASUREMENT  SYSTEM 
TLA  8800  A Digital  Multlneter,  Serial  90986 
MIN  S 1059-2.  Serlala  229  through  233 
REPORT  NO.  UT-6 

This  aysten  calibration  Is  valid  only  with  the  multimeter  and  thermometers  as 
are  Identified  above.  Also,  the  user  must  take  Into  consideration  the  limiting 
accuracy  of  the  multimeter. 

The  uncertainty  of  the  test  temperatures  as  reported  In  each  table  is  less  than 
0.01*C.  The  pertinent  IPTS-68  formulas  are  given  in  the  discussion  on  the  follow- 
ing pages. 
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TABLE 

FOR 

PLATINUM  RESISTANCE  THERMOMETER 
CALIBRATED  TO  IPTS-68 
SERIAL  NUMBER  229 
THIRD  CALIBRATION 
(RECCMIENDED) 


NAVAL  AIR  REWORK  FACILITY 
NAVAL  AIR  STATION 
NORTH  ISLAND 
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NAVAL  AIR  REWORK  FACILITY 
NAVAL  AIR  STATION 

north  island 

• AN  0X60  CALXONNIA 

Piestern  ^iandartls  '^aborator^  ^ 
Report  of  (Ealibration 

FOR 

PLATINUM  RESISTANCE  THERMOMETER 

SUBMITTED  BY: 

United  Technologies,  Chemical  Systems  Division 
1050  East  Arques 
Sunnyvale,  California 


Manufacturer:  Mlnco  Products,  Incorporated 
Model  : S 1059-2 

Serial  : 229 


This  thermometer  was  calibrated  for  use  with  continuous  current  of  1.0  mA 
through  the  resistance  element.  Three  calibrations  were  performed  and  the 
following  values  were  found  for  the  constants  in  the  International  Practical 
Temperature  Scale  of  1966  (IPTS-68)  formulas: 


FIRST  CALIBRATION 

CONSTANT 

Alpha  (a) 
Delta  (6) 
A4 

C4 

A 

B 

Ro 

SECOND  CALIBRATION 

Alpha  (a) 

Delta  ((S) 

Al 

C4 

A 

B 


ambient  temp  23*C 

relative  humidity  43% 

REPORT  NO.  UT-1 

DATE 13  Jun  1977 

I INO'NA  VAlXlWOAKr  Ac-ieoei/'l  .MIV.  A-TT; 

mck 


VALUE 

3.926262  x 10"^ 
1.431287 
2.947974  x ICt’ 
2.000000  X lor^** 
3.982458  x 10"^ 
- 5.619608  X 10-^ 
100.3617  n 


(assumed) 


3.925076  X ICT^ 
1.495486 

- 8.905346  X ICT, 

- 3.298749  x ICT^ 
3.983775  x ICTf 

- 5.869896  x ICT 
100.3629  0 


PREPARED  BY: 

APPROVED  BY: 


RESuBMissiON  Date  13  Jun  1979 
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PLATINUM  RESISTANCE  THERMOMETER 
MIN  S 1059-2,  SERIAL  229 
REPORT  NO.  UT-1 


THIRD  CALIBRATION 


CONSTANT 


VALUE 


Alpha  (a) 
Delta  (6) 

A14 

C4 


A 

B 

R 


o 


3.924682  x lO"^ 
1.513814 

- 1.284834  X 10'^ 
2.000000  X 10“ 
3.984094  X 10“^ 

- 5.941238  X 10"’ 
100.3649  fi 


(assumed) 


The  values  given  for  the  first  and  third  calibration  were  determined  from 
measurements  near  0.01°C,  25'’C,  and  50'’C.  Values  given  for  the  second  cal- 
bration  were  determined  from  measurements  near  0.01°C,  100°C,  200°C,  and  - 195°C. 
The  uncertainty  of  the  measurements  at  the  test  points,  expressed  in  temperature, 
is  less  than  0.01°C. 


The  first  and  second  calibration  constants  and  tables  are  included  for  inform- 
ational purposes  only.  During  calibration  the  Rg  resistance  changed  by  the 
equivalent  of  0.008°C.  Therefore  the  third  calibration  is  recommended  because 
it  reflects  the  most  valid  values  at  the  time  of  the  test.  In  addition,  the  Ro 
as  of  this  report,  is  stable,  with  no  significant  drift.  The  last  measurement  of 
Rg  being  100.3646  ohms. 

Calibration  constants  are  included  with  the  attached  tables,  as  are  the  test 
measurements  in  ohms  (R1  through  R4)  and  the  test  temperatures  in  °C  (T1  through  T4). 

The  pertinent  IPTS-68  formulas  are  given  in  the  discussion  on  the  following  pages. 
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The  actual  temperature  of  th«  test  points  was  determined  by  a standard  platinum 
resistance  thermometer  recently  calibrated  by  the  National  Bureau  of  Standards. 


The  value  of  R Is  given  In  this  Report,  although  precision  temperature  determina- 
tions with  any  thermometer  should  be  based  on  a value  of  R^  determined  with  a 
bridge  that  Is  to  be  used.  (Reference  NBS  "Notes  to  Supplement  Resistance 
Thermometer  Reports  on  the  IPTS-68.") 

Temperatures  between  CC  and  630.74®C  on  the  new  IPTS-68  are  defined  by  the 
indications  (resistance  values)  of -standard  platinum  resistance  thermometers  and 
the  following  expressions: 


t = t’  + M(t') 


(1) 


t’ 


a ^R^ 
“ ‘'o 


M(t-)  . .045  (f^)  (f^-1)  ( 


t' 

100 

t’ 


419.58 


-1)  (• 


t' 


630.74 


-1) 


(2) 

(3) 


where  t Is  the  temperature,  at  the  outside  of  the  tube  protecting  the  platinum 
resistor.  In  °C  on  the  IPTS  of  1968  and  and  R are  the  resistances  of  the 

platinum  resistor  at  t®  and  0°C  respectively,  measured  with  a continuous 
current  through  the  platinum  resistor.  The  value  of  this  current  and  the 
values  of  the  constants  a and  6 found  for  this  thermometer  are  given  on  the 
previous  page.  The  value  of  M(t’),  given  by  expression  (3),  is  the  same  for 
all  thermometers  and  is  a function  only  of  the  quantity  t'.  The  addition  of 
the  small  value  represented  by  (3)  serves  to  make  the  IPTS-68  conform  more 
closely  to  the  thermodynamic  scale  than  can  be  done  with  only  the  simple 
quadratic  of  expression  (2). 

An  alternate  form  which  is  completely  equivalent  to  expression  (2)  is 


R (1  + At'  + Bt'2) 
o 


(4) 


In  some  instances  expression  (4)  is  less  difficult  to  calculate  than  (2). 
constants  A and  B used  in  (4)  are  related  directly  to  a and  6. 


The 


A * a (1  + 6/100) 
B » -06/10** 


(5) 

(6) 


CAUTION:  The  values  of  A,  B,  and  6 on  the  new  1968 
scale  are  distinctly  different  from  the  corresponding 
values  on  the  old  1948  or  1927  scale.  The  values  of 
a and  R^  are  also  different  but  only  trivially  so. 

Temperatures  below  0®C  on  the  new  1968  scale  are  calculated  using  a standard 
reference  table  which  gives  values  of  R^/R  for  a fictitious  "mean"  standard 
thermometer.  This  reference  table  and  a specified  deviation  equation  are  combined 
to  give  the  values  for  a particular  thermometer.  The  standard  reference  table 
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used  for  IPTS-68  Is  referred  to  as  the  "CCT-68"  table.  It  is  convenient  to  use 
the  symbol  W in  place  of  R /R  . For  the  special  reference  values  of 
tabulated  in^CCT-68  the  specla?  symbol  W^*  is  used.  The  table  giving  values  of 
W for  a particular  thermometer  from  O'C  down  to  -182.962°C  may  be  calculated 
from  the  following  expressions, 

”t  * '^t*  * 

I?;  AW^  = A^t  + C4t^  (t  - 100)  • (8) 

Expression  (8)  is  the  specified  deviation  equation  in  the  range  0°C  to  -182.‘iA2°C. 

;i|  The  constants  A.,  and  C4  to  be  used  in  expression  (8)  for  this  particular  thermometer 

li  are  given  on  the  first  page. 

r;  A table  calculated  from  the  constants  for  this  thermometer  is  on  the  following 

fj  pages.  The  first  column  of  the  table  gives  values  of  temperature.  The  second 

I]  column  gives  R /R  (i.e.,  the  ratio  of  the  resistance  at  the  stated  temperature 

t,  to  the  resistance  at  the  ice  point).  The  third  column  gives  the  inverse  (reciprocal) 

||  of  the  difference  between  successive  values  in  the  second  column.  These  reciprocal 

first  differences  are  included  to  facilitate  interpolation.  The  error  introduced 
by  using  linear  interpolation  will  be  less  than  0.0001°C. 

] The  values  stated  are  computed  and  printed  by  machine.  Although  the  tables  are 

h I made  with  care,  cost  and  time  do  not  permit  checking  every  value  actually  printed. 

lij  , The  standards  utilized  by  the  Western  Standards  Laboratory  are  traceable  to  standards 

maintained  by  the  National  Bureau  of  Standards  or  by  the  U.  S.  Navy. 


Attachment:  Table  consisting  of 

cover  sheet  and  of 
measurements . 
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r PLATINUM  RCSISTANCC  THERMOMCTCR  SER  no*  2290000 


alpha*  0*39246819663E*02 

DELTA*  0*1S13o14L«01 

A4*-0«1264634E-0S 

C4* 

0*2000COO£”li 

A*  0«396A094E*02 

B*- 

0.594123eE*06 

RO*  0.1003649E«03 

Rl*  0*1003689E«03 

Tl« 

0*0100 

R2*  0*110S260E'»03 

T2« 

25*0045 

R3*  0*  1202200L-»03 

T3* 

50*0279 

R4*  O.OOOOOOUk^OO 

T4« 

o*oooc 

wwmmm 
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platinum 

RiSlSTANCe 

tmepmqmeter 

CALIBRATION 

table  ser 

NO.  229oOcO 

tlmp. 

RESISTANCe 

inverse 

TEMP. 

resistance 

INVEwSt 

DLGtC 

PATIO 

OIEF 

OEG.C 

RATIO 

OIFf 

•50. 

0.7991774 

246.93 

0* 

1 .0000000 

250.08 

-49. 

0.8032257 

247.02 

1* 

1.0039653 

25C.92 

-48. 

0.8072726 

247.10 

2. 

1*0079693 

251 .Ou 

•47. 

0.8113181 

247.18 

3. 

1.0119521 

251.06 

-46. 

0.8153623 

247.27 

4. 

1*0159336 

251.16 

•45. 

0.6194051 

247.35 

5. 

1*0199140 

251.24 

-44. 

0.8234466 

247.43 

4 • 

1.02316930 

251.31 

•43. 

0.8274868 

247.51 

7. 

1.0276709 

251.3V 

•42. 

0.8315256 

247.60 

8. 

1*0316475 

251.47 

-41 . 

0.8355631 

247.68 

9. 

1*0358229 

251.55 

-40. 

0.8395992 

247.76 

10. 

1.0397970 

251.63 

-39. 

0.8436341 

247.64 

11. 

1.0437699 

251.71 

-38. 

0.8476676 

247.92 

12* 

1.0477416 

251.76 

-37. 

0.8516998 

24A.0U 

13* 

1.0517120 

251.86 

-36. 

0.6557306 

246.09 

14* 

1.0556812 

251  .V4 

-35. 

0.8597603 

246.16 

15* 

1.0396492 

252.02 

-34 . 

0.8637885 

248*24 

16* 

1.0636159 

252  .lb 

-33. 

0.8678155 

246.33 

17. 

1*0675814 

252.17 

-32. 

0.8716412 

248.40 

le. 

1.0715457 

252.25 

-31 . 

0.8758656 

249.48 

19. 

1.0755087 

252.33 

-30. 

0.6798687 

248.56 

20. 

1.0794705 

252.41 

-29. 

0.6639105 

246.64 

21. 

1.0834311 

252.49 

-^6. 

0.8679311 

246.72 

22. 

1.0873905 

252.57 

-27. 

0.6919504 

248.60 

23* 

1.0913486 

252.64 

-26. 

0.8959684 

246.88 

24 . 

1.0953055 

252.72 

-25. 

0.8999852 

248.95 

25. 

1.0992612 

252.0b 

-24. 

0.9O4O0O6 

249.04 

26. 

1*1032156 

252.08 

-23. 

0.9080149 

249.11 

27. 

1.1071686 

252.96 

-22. 

0.9120279 

249*19 

29. 

1.1111206 

2 5 3 • 0 H 

-21 . 

0.9160396 

249.27 

29* 

1.1150716 

253.12 

-20. 

0.9200500 

249.35 

30* 

1.1190211 

253.19 

-19. 

0.9240592 

249.43 

31* 

1 .1229694 

253.27 

-18. 

0.9280672 

249.51 

32. 

1.1269165 

253.35 

-17. 

0.9320739 

249.58 

33. 

1.1308624 

253.43 

-16. 

0.9360794 

249.66 

34. 

1.1348070 

253.51 

-15. 

0.9400637 

249*74 

35* 

1.1387504 

253.59 

-14  . 

0.9440867 

249*81 

36* 

1.1425V26 

253.67 

-13. 

0.9480885 

269.8V 

37. 

1 * 1466336 

?53.7b 

-12. 

0.9520890 

249.97 

38. 

1 .5505734 

253.82 

•11. 

0.9560884 

250.04 

39. 

1*1545119 

253 iVb 

-10. 

0.9600865 

250.12 

40* 

1.1584492 

253.98 

•9. 

0.9640833 

250.20 

41  * 

1.1623653 

254  .u6 

-6. 

0. 9680790 

250.27 

42* 

1*1663202 

254  . 

-7. 

0.9720734 

250.35 

4 3* 

1 .1702538 

254.22 

- 6 . 

0*9760665 

250*4 J 

44  * 

1.1741062 

254 . jb 

-5. 

0*9600585 

250. 5C 

45. 

1.1781174 

254.37 

-4  . 

0*9840492 

250.59 

46 . 

1.1920474 

254 . 1*5 

-3. 

0*9680387 

250*66 

47. 

1*1659762 

254.53 

•2. 

0*9920270 

250.73 

48. 

1 .1699036 

254.61 

-1 . 

0*9960141 

250.81 

49. 

1 .1938301 

254.6V 

0. 

1.0000000 

250.88 

50. 

1.1977552 

254.7^ 
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PLATINUM  RESISTANCE  THERMOMETER  CALIBRATION  TABLE  SER  NO*  2?90Co0 


TEMP* 

resistance 

INVERSE 

TEMP. 

RESISTANCE 

INVl-KSt 

DEGtC 

RATIO 

DIFF 

OEG.C 

RATIO 

DIFF 

SO. 

1.1977552 

254*77 

100. 

1*3924662 

258.75 

51 . 

1*2016791 

254*65 

101  * 

1.3963316 

256.83 

52* 

1*2056016 

254*93 

102* 

1.4001941 

258.91 

53* 

1*2095233 

255*01 

103* 

1*4040553 

258.99 

54* 

1*2134435 

255*09 

104* 

1*4079152 

259.07 

55* 

1*2173626 

255*16 

105* 

1*4117740 

259*15 

56* 

1*2212604 

255.24 

106* 

1*4156316 

259.23 

57* 

1*2251970 

255*32 

107. 

1*4194679 

259.31 

56* 

1*2291124 

255*40 

106* 

1*4233431 

259.3V 

59* 

1*2330266 

255*46 

109. 

1*4271971 

259.47 

60* 

1*2369396 

255*56 

no* 

1*4310499 

259.55 

61  * 

1*2406513 

255*64 

111* 

1*4349014 

259.63 

62  * 

1*2447619 

255*72 

112* 

1*4367516 

259.71 

63* 

1*2466712 

255*60 

113* 

1*4426010 

259.7V 

64* 

1*2525794 

255*88 

114* 

1.4464490 

259.88 

65* 

1*2564663 

255*96 

115* 

1.4502956 

25V  .V6 

66  * 

1*2603920 

256*04 

116* 

1*4541415 

260.04 

67* 

1*2642965 

256*12 

117. 

1.4579659 

260.12 

6 6 * 

1*2681996 

256*19 

116. 

1.4618291 

260,20 

69* 

1*2721018 

256*27 

119. 

1.4656711 

260.28 

70* 

1*2760027 

256*35 

120. 

1.4695120 

26v; . 36 

71. 

1*2799024 

256*43 

121. 

1.4733516 

26u . 44 

72. 

1*2636006 

256*51 

122. 

1.4771901 

260.52 

73* 

1*2676960 

256*59 

123. 

1*4810273 

260 .6u 

74. 

1*2915941 

256*67 

124. 

1*4646634 

260.68 

75* 

1.2954689 

256*75 

125. 

1*4666983 

260.76 

76* 

1*2993625 

256*63 

126. 

1*4925319 

260.85 

77* 

1*3032749 

256*91 

127. 

1*4963644 

260,93 

76* 

1*3071661 

256*99 

126. 

1*5001957 

261.01 

79* 

1*3110561 

257.07 

129. 

1*5040256 

261*09 

60* 

1*3149449 

257.15 

130. 

1*5078546 

261.17 

61  * 

1*3166325 

257.23 

131  . 

1*5116625 

261.25 

62* 

1*3227169 

257.31 

132. 

1*5155090 

261.33 

63* 

1*3266041 

257.39 

133. 

1.5193344 

261.41 

64* 

1*3304661 

257.47 

134. 

1.5231565 

261.50 

65. 

1*3343708 

257.55 

135. 

1.5269615 

261.58 

86  * 

1*3362524 

257.63 

136. 

1.5306033 

261.66 

67* 

1*3421326 

257,71 

137, 

1*5346239 

261.74 

db* 

1 * 34601  19 

257.79 

138. 

1*5364433 

261*02 

69  • 

1*3496699 

257.67 

139, 

1*5422615 

261.90 

90* 

1*3537667 

257.95 

140, 

1*5460785 

2C1 . 98 

91  * 

1*3576422 

256,03 

141  . 

1*5496944 

262.0? 

92* 

1*3615166 

256.11 

142. 

1 .5537090 

262.15 

93. 

1*3653697 

256.19 

143. 

1*5575225 

262.23 

94  . 

1 * 3692617 

256,27 

144. 

1*5613347 

262  . jl 

95. 

1*3731324 

256.35 

145. 

1.5651456 

262.3V 

96* 

1*3770020 

258.43 

146. 

1.5689557 

262,4? 

97* 

1*3606703 

258.51 

147, 

1*5727645 

262.56 

9fa* 

1*3647375 

256.59 

14  6. 

1*5765721 

262.64 

99* 

1*3666034 

256.67 

149. 

1 *5803763 

262.72 

1 uw  * 

1*3924662 

256.75 

150. 

1*5641635 

262.8. 
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This  thermometer  was  calibrated  for  use  with  continuous  current  of  1.0  mA 
through  the  thermometer.  The  following  values  were  found  for  the  constants  in 
the  International  Practical  Temperature  Scale  of  1968  (IPTS-68)  formulas: 


CONSTANT 


VALUE 


Alpha  (a) 
Delta  (6) 
Ah 

C4 

A 

6 

R 

0 


3.925688  x 10-3 
1.480910 

- 2.790979  X ICj 
2.000000  X icr^ 
3.983824  x IQ-^ 

- 5.813589  X ICr 
100.3399  0 


(assumed) 


The  pertinent  IPTS-68  formulas  are  given  in  the  discussion  on  pages  1-454 
and  1-455. 

The  values  given  were  determined  from  measurements  near  0.01°C,  25'’C,  and  50°C. 
The  uncertainty  of  the  measurements  at  the  test  points,  expressed  in  temperature, 
is  less  than  O.Ol'C. 
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r 

ytATIMUW  «C»»T*NCE  THEWMOKETEH  SEK  no.  2300000 

ALPHA*  009256877021E-02  DELTA*  0 . 1 AfioV  1 oL  + i- 1 


A*  0.3963S2AE*02 

AO*  0.1003399EA03 


0.1001439E9W 


C4*  O.200OO0Ot*13 

B*«0.5ai35e9E*06 

Tl*  0.0100 


A2*  0.1103019EA03 


T2*  25.0129 


K3*  0.12U1920E*03  T3*  50.0263 

Ri*  'OTbOOOOOOEAOO  TA*  O.OOOO 


KiTHMiM  imi  ilj. 

UNP*  RClItTANCE  INVCRSC  TCNPt  RLSliTANCC 

OCtt>C  WATIO OtPf OMjC RAT  Ip 


MO* 

4.Ptfl07l 

«44.47 

0. 

1.0000400 

•40. 

0.4031764 

246.98 

1* 

1.0039650 

•40* 

0.0072243 

247*04 

2. 

1*0079864 

•47* 

0.I112709 

247*12 

3. 

1.0119514 

MR* 

A.IlTlTTi 

~iir.fr  ■ 

4. 

1.0159324 

••5* 

MT.29 

5. 

1.0199129 

! *44 « 

f.|t54«t4 

t4f.37 

4. 

1.0236919 

•43* 

0.42744^4 

247.45 

7. 

1*0274898 

•42* 

0.4314434 

247*54 

4* 

1*0318461 

•41* 

0*4355219 

•47.82 

9. 

1*0358215 

•40* 

4. 4145590 

047.70 

10. 

1*0397956 

•10* 

0.1435449 

047*74 

11* 

1*0437665 

•14* 

0.4474044 

047.48 

i2. 

1*0477401 

•37. 

0*4516626 

247*94 

13* 

1*0517106 

•36* 

0*1556944 

246*03 

14* 

1*0556799 

=1L. 

0*4547J^. 

_18J.10  

i5. 

1*0596400 

•34* 

0*4437544 

244*14 

18. 

1*0636140 

•33. 

0*4877123 

244«27 

17. 

1*0675005 

•32*  _ 

0*4714040 

148.34 

. 1®* 

.1*0715449 

•31* 

0*4754344 

248*42 

19. 

1*0733002 

•30* 

0*6796565 

246*50 

20* 

1*0794702 

•29* 

0«44344li- 

f4J,56  

- -21* 

1*0634311 

•28* 

0*8474030 

246*68 

22* 

1*0073907 

•27. 

0*4414232 

246*74 

23* 

1*0913491 

•28. 

0*1454422 

244*42 

24. 

1*0953064 

-25* 

0*4999801 

246*69 

25* 

1*0992624 

•24* 

0*9039765 

244*96 

26* 

1*1032172 

•23* 

0.9079917 

04?j05  „ 

27. 

1*1071700 

•22. 

0*9120057 

249*13 

20* 

1*1111232 

•21. 

0*9160145 

249*21 

29* 

1*1150745 

•20. 

0*9200299 

249*29 

30. 

1*1190245 

-19* 

0*9240401 

249.36 

31* 

1*1229733 

•18* 

0*9260491 

249*44 

32* 

1*1269209 

•iU..- 

0*9320566 

249.52 

33* 

1*1300674 

•16* 

0*4360633 

249*59 

34. 

1*1340126 

•15. 

0*4400646 

249*47 

35. 

1*1387586 

•14* 

0*9440706 

_-249.75 

38. 

1*1426994 

•13* 

0*4480754 

249*82 

37. 

1*1466411 

•12* 

0*9520770 

249*90 

36* 

1*1505015 

-11* 

0*9560773 

-2i9*94 

39. 

1*1545200 

•10* 

0*9600764 

250*05 

40* 

1*1504508 

•9* 

0*4640743 

250.14 

41. 

1.1623957 

•4* 

D. 9640709 

25ILl21  

A2. 

l*18833iJ. 

•7* 

0*9720663 

250*29 

43* 

1*1702858 

-6* 

0*4780605 

250*37 

44. 

1*1741990 

-5* 

0*9800535 

250*44 

45. 

I»l7ai311 

•4. 

0.9640452 

250*52 

48. 

1*1020820 

•3* 

•*4440357 

250*59 

47. 

1*1059917 

•2. 

0. 9900250 

250.87 

_JL4j  - 

1*1499202 

•1* 

0*9940131 

250*75 

49* 

1*1930475 

0* 

1*0000000 

250*82 

50* 

1.1977736 
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NO*  RAOUOUO 

INVERSe 

OIFF 


050*62 

050*94 

051*02 

051*09 

051*17 

051*25 

051*32 

251*40 
251*46 
251*55 
251*63 
251*71 
251*76 
251*66 
251*94 
_ 252*01 
252*09 
252*17 

252*24 

252*32 
252*4w 
252*47 
252*55 
252*63 
252*70 
252*76 
252*66 
252*93 
253*01 
253*09 
_ 253*16 
253*24 

253*32 

253*39 

253*47 

253*55 

253*62 

253*7u 

253*7b 

.253*86 

253*93 

254*01 

254*09 

254*16 

254*24 

254*32 

254*40 

254*4? 

254*55 

254*63 

254*70 


r 


t 


PLATINUM 

RCSltTANCC 

thermometer 

calibration 

table  8ER 

NO*  2300000 

T£MP. 

RESISTANCE 

INVERSE 

temp. 

resistance 

IN'VEKSL 

DEGiC 

RATIO 

. 0EG*C 

RATIO 

OIFF 

SO* 

1.1077716 

_J54iI0 

lOQl  . 

-3.S92SSSB 

_258.60 

51* 

1.2016985 

254.76 

101 . 

1.3964346 

258.66 

S2* 

1.2056223 

254.86 

102. 

1*4002993 

256.75 

S3*  ■ 

■ JL  * 2^954  4S_ 

—254.94  . 

103. 

1*4041628 

256.63 

S4« 

1.2134661 

255.01 

104. 

1.4080251 

256*91 

55* 

1.2173063 

255*09 

105. 

1.4118663 

258*99 

56. 

1.2213053 

255.17 

106. 

1*4157463 

259.07 

57. 

1.2252231 

255.25 

107. 

1*4196051 

259.15 

58. 

1.2291397 

255.32 

108. 

1.4234627 

259.23 

. 5S.I  - 

_ii2J3055l_ 

._255.40 

109* 

1*4273192 

259.30 

60. 

1.2369693 

255.48 

no. 

1.4311745 

259.38 

61. 

1.2408823 

255.56 

111. 

1*4350287 

259.46 

_62. 

1.2447942 255.63 

n2. 

1*4388816 

259.54 

63. 

1.2487048 

255.71 

113. 

1*442733« 

259.62 

64. 

1.2526143 

255.79 

114. 

1*4465841 

259.70 

$5.  ^ 

.1*2565226 

255. *7 

115. 

1*4504335 

259.76 

66. 

1.260*297 

255.94 

116* 

1*4542818 

259.66 

67. 

1*2643356 

256*02 

ll7. 

1.4581289 

259.93 

68. 

_l*28e2404 

256.10 

118. 

1.4619749 

260.01 

69. 

1.2721439 

256.18 

119. 

1*4658196 

26C.UV 

70. 

1.2760463 

256.25 

120. 

1.4696633 

260.17 

71. 

X*2799475  . 

.,.256.33 

121. 

1.4735057 

260.25 

72. 

1.2838475 

256.41 

122. 

1.4773470 

260.33 

73. 

1.2877463 

256.49 

123. 

1*4811871 

260.41 

74. 

.1*2916440 

256.57 

124. 

1.4850261 

260.49 

75. 

1.2955404 

256*64 

125. 

1.4686636 

260.57 

76. 

1.2994357 

256.72 

126. 

1 .4927005 

260.65 

77. 

_liJ03329a 

256 .80 

127. 

1.4965359 

260.73 

78. 

1.3072227 

256.88 

128. 

1.5003702 

260.60 

79. 

1*3111144 

256.95 

129. 

1.5042033 

260*88 

80.  _ 

_.1*A150050 

257,03 

130* 

1.5060353 

260.96 

81. 

1*3168944 

257. U 

131* 

1*5118660 

261*04 

82. 

1*3227826 

257.19 

132* 

1.5156957 

261*12 

. 

lt.3266696 

257.27 

133. 

1*5195241 

261 *2^ 

84. 

1*3305554 

257.34 

134* 

1.5233514 

261*28 

85. 

1*3344401 

257*42 

135. 

1.5271776 

261*36 

.86* 

1*1383235.. 

. 257.50 

136. 

1.5310025 

261*44 

87. 

1.3422056 

257,56 

137. 

1.5348263 

261*52 

88. 

1.3460870 

257.66 

13S. 

1.5386490 

261 *6i 

- 89. 

.1*3499669  . 

.257.74 

139. 

1.5424704 

261 *6& 

90. 

1.3538457 

257.81 

140. 

1*5462908 

261  ./6 

91. 

1*3577233 

257*89 

141* 

1*5501099 

261*04 

i2*_ 

._1*1815997  .. 

.257.97 

142* 

1.5539279 

261*92 

93. 

1*3654750 

258.05 

143* 

1.5577447 

262.00 

94. 

1*3693490 

258*13 

144. 

1.5615604 

262*08 

- 95^- _ 

.1*3712219 

258.20 

145  * 

1.5653749 

262*16 

96. 

1.3770936 

258.28 

146. 

1*5691663 

262,24 

97. 

1.3809642 

256.36 

147. 

1.5730004 

262*32 

_ 

_lj^4ftl35 

.258*44 

148* 

1*5768115 

2o2 .4k' 

99. 

1.3887017 

258.52 

149* 

1*5606213 

262*46 

100. 

1*3925688 

258.60 

150* 

1*5644300 

262.be 

\ 

\ 

I 


i 

I 

i 
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Report  of  (Ealtbratton 

FOR 

PLATINUM  RESISTANCE  THERMOMETER 

SUBMITTED  BY: 

United  Technologies,  Chemical  Systems  Division 
1050  East  Arques 
Sunnyvale,  California 


Manufacturer:  Minco  Products,  Incorporated 

Model  : S 1059-2 

Serial  : 231 

This  thermometer  was  calibrated  for  use  with  continuous  current  of  1.0  mA 
through  the  thermometer.  The  following  values  were  found  for  the  constants  in 
the  International  Practical  Temperature  Scale  of  1968  (IPTS-68)  formulas: 

VALUE 


3.926115  X ICr^ 

1.504525 
1.479797  X 10“^ 

2.000000  X 10"^‘*  (assumed) 
3.985184  X 10-^ 

- 5.906936  X ICt’ 

100.3101 

The  pertinent  IPTS-68  formulas  are  given  in  the  discussion  on  pages  1-454 
and  1-455. 

The  values  given  were  determined  from  measurements  near  0.01°C,  25°C,  and  50  C. 
The  uncertainty  of  the  measurements  at  the  test  points,  expressed  in  temperature 
is  less  than  0.01°C. 


CONSTANT 

Alpha  (a) 
Delta  (6) 

C4 

A 

B 


ambient  TEMP  23°c 

RELATIVE  HUMIDITY  43% 

REPORT  NO.  UT-3 

DATE  9 Jyn  13Zi 

I INO-N*  VAm*«0«KF*e-10000/'  "CV  *•*’ 

mck 


PREPARED  BY: 

approved  BY: 


Berlanfea 


C."  G.  Kullmann 


RESUBMISSION  DATE  9 Jun  1979 
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♦ ^LftTiMUM  fwgmOMgm  Ji*.  Nib  iiinpoo  

ALPHA*  0*lt2AlUf7trE*02  DELTA*  0.l504525E*Cl 

Ca*  0*f006000C*13 

A*  0>»M»IPAE*02 |••Qll»0*lJ^I•p6  . 

RO*  0«1003101E403 

n*  0«1063UTE^3  ' T1*  6.0100 

R2*  0>li02y20E4e3  T2*  25*0129 

R3*  0.1201608E403  T3*  50.0203 

O.OOOOOToEAOU  T4*  0.0000 


PLATINUM  RCiXNTANCe 

TMCRMOMCTCR 

CALIBRATION 

table  ser 

NC*  23100 

TEMP. 

RESISTANCE 

INVERSE 

temp. 

resistance 

INVERSE 

DEG*C 

RATIO 

Dirr 

OEQ.C 

RATIO 

DIFf 

•SO* 

0«7901057 

266*85 

O. 

i.ooooeoo 

250.79 

•«9» 

0.8031555 

246.93 

1* 

1.0039664 

250.66 

•46* 

0*8072038 

247.02 

2. 

1.0079715 

250.93 

•47* 

0*8112508 

247.10 

3. 

1.0119554 

251.01 

•46. 

0.1152964 

247*16 

4* 

1*0159381 

251*09 

-45. 

0.8103407 

247.27 

5. 

1.0199195 

251.17 

•44. 

0.8233836 

247.35 

6 • 

1.0236997 

251*24 

-43. 

0*8274252 

247.43 

7. 

1.0278787 

251*32 

•42. 

0.8314654 

247.51 

8* 

1.0318564 

251*40 

-41. 

0*83^5044 

._2.67±59 

9* 

1.0356329 

J:51 .48 

•40. 

0*8395419 

247.67 

10* 

1.0398062 

251.55 

-39. 

0*8435782 

247.75 

11. 

1.0437623 

251*63 

-36. 

ftlMItlW 

_247i64 

12* 

1.0477551 

i5l.7l 

-37. 

0*8516468 

247.92 

13. 

1.0517267 

251.79 

-36. 

0.8556791 

246.00 

14. 

1.0556971 

251.86 

-35. 

ft.8497101 

248.07 

IS. 

i.0596663 

251*94 

-34. 

0.6637398 

248*16 

16. 

1.0636342 

252*02 

-33. 

0*8677682 

248*24 

17. 

1*0676009 

252*10 

. . __-32. 

fi.aLl7953 

...240.31 

16* 

1.0715664 

252*16 

-31 . 

0.8758212 

246.40 

19. 

1.0755307 

252.25 

-30. 

0.8796457 

248.40 

20. 

1.C794937 

252.33 

_ -29. 

_0_.fi836690 

__24«.55 

21* 

1.0834555 

252.41 

-28. 

0*6878910 

248.63 

22. 

1.0874161 

252.^9 

-27. 

0*8919117 

248.72 

23. 

1.0913755 

252.57 

-26. 

.-.JL.fl959Jll 

_..248.79 

24. 

1*0953336 

252.64 

-25. 

0.6999494 

248.87 

25. 

1*0992906 

252.72 

•24. 

0.9039662 

246.95 

26. 

1.1032463 

252 .6w 

-23. 

.01.9079619 

..249.02 

27. 

1 .1072006 

252.06 

-22. 

0*9119964 

249.10 

26. 

1.1111540 

252.96 

-21. 

0*9160095 

249.18 

29. 

1.1151061 

253.03 

_r20. 

0«_92.00214  . 

__249.26 

30. 

1*1190569 

253.11 

-19. 

0*9240320 

249.34 

31. 

1.1230065 

253.19 

-18. 

0.9280414 

249.42 

32. 

1 .1269549 

253.27 

_ ?17« 

.Qt9J20495 

249.49 

33. 

1.1309021 

253.35 

-16. 

0.9360565 

249.57 

34. 

1*1348481 

253.42 

•15. 

0*9400622 

249.65 

35. 

1 .1367928 

253*51- 

•IMt. 

_.-0. 9.440666 

249.72 

36* 

1*1427363 

253.56 

-13. 

0*9480699 

249*60 

37. 

1.1466786 

253.66 

-12. 

0*9520716 

249*66 

38. 

1.1506197 

253.74 

_-ll* 

. _Q. 9560726 

..249.95 

39. 

1.1545596 

253.01 

-10. 

0*9600722 

250.03 

40. 

1.1584963 

253.69 

-9. 

0*9640704 

250.11 

41  . 

1*1624357 

253.97 

-6. 

_0..965Q.675l 

_250.18 

42. 

1*1663720 

254.05 

‘ -7. 

0*9720634 

250.26 

43. 

1.1703070 

254.13 

-6. 

0.9760579 

250*34 

44. 

1*1742406 

254.21 

0 ±16110519 

_250.41 

45. 

1.1761734 

254.28 

-4. 

0*9840435 

250*50 

46. 

1*1821048 

254*36 

-3. 

0*9880344 

250.57 

47. 

1*1660350 

254*44 



0.9920242 

.250.64 

46i 

1*1899640 

254*52 

•1* 

0*9960126 

250.72 

49* 

1.1936917 

254*6). 

0. 

1.0000000 

250*79 

50. 

1.1978183 

254.66 
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TCMP« 

RCiItTANCC 

INVERSE 

TEMP* 

resistance 

INVERSE 

ftilAfi- 

HUP 

MEf 

0E9.C 

- RATIO  .. 

t !•« 

i«i9rai6i 

254*66 

IQOi 

1 tJ12Ail5 . 

-256*63 

51* 

1*2017436 

254*75 

101. 

1*3964766 

256.71 

52* 

1*2056676 

254*63 

102* 

1*4003410 

298.79 

Sli_ 

1*2095907 

,1.5#*  91  . 

_ 103* 

1*4042039 

256*67 

S«* 

1*2115124 

254*99 

104* 

1*4060657 

256*95 

I fS« 

1«9176129 

255*07 

105* 

1*4119262 

259.03 

l«lfil922 

255*15 

_ loa* 

-_.J. 4157656 

259*11 

57. 

1*2252703 

255*23 

107* 

1*4196438 

259.19 

56* 

1*2291672 

255*30 

106* 

1*4235006 

259.27 

-11213 102.9, 

255.16 

109* 

1*4273566 

-259.35 

•0. 

1*2370173 

255*46 

110* 

1*4312112 

259.43 

1*2409306 

255*54 

111* 

1.4350647 

259.51 

62. 

1*2446427 

J255*42 

-ll2t 

1.1369169 

259*59 

41* 

1*2467535 

255.70 

113* 

1*4427660 

259.67 

64  • 

1*2526632 

255.78 

114. 

1*4466176 

259.75 

4iit 

1*2565716 

255.66 

115. 

-1.4504665 

-259.83 

64. 

1*2604769 

255.93 

116* 

1*4543140 

259.91 

47. 

1*2643649 

256.01 

117. 

1.4561603 

259.99 

iflt 

1*2662697 256*09 

. ..  iia*. 

....1*4620054 

260.07 

69* 

1*2721934 

256.17 

119* 

1*4658494 

260.15 

70. 

1.2760958 

256.25 

120. 

1*4696921 

260.23 

rxi. 

1*2  L?  9 9 79. 

._256«33 

121. 

1,4735337 

26t .31 

72. 

1.2836971 

256*41 

122* 

1.4773741 

260.39 

73. 

1*2677959 

256.49 

123* 

1*4612132 

261>.47 

7«. 

1*2916935 

256.57 

124* 

1.4650512 

260.55 

75. 

1*2955899 

256.65 

125* 

1.4886881 

26U.63 

76. 

1*2994852 

256.72 

126. 

1.4927237 

260.71 

11^ 

_L*10JL3792 

-256.80 

127. 

1*4965561 

260.79 

76. 

1*3072720 

256*86 

126. 

1*5003914 

260*67 

79. 

1*3111637 

256.96 

129* 

1.5042235 

260.95 

iflj- 

1*3150541 157tfi4 

130* 

1*5080544 

.2.61 .04 

61. 

1*3189433 

257.12 

131 . 

1*5116641 

261*12 

62. 

1*3226313 

257.20 

132. 

1.5157126 

261*20 

ftX. 

__L*126I162 

-257.28 

133. 

1*5195400 

261*26 

64* 

1*3306038 

257.36 

134. 

1*5233661 

261*36 

65* 

1*3344663 

257*44 

135. 

1*5271911 

261*44 

Aj6j 

1*1361715 

-.257.52 

136. 

1,5310149 

261.52 

67* 

1*3422536 

257,60 

137. 

1.5348375 

2C1 .6t 

66. 

1*3461344 

257.66 

138. 

1*5366590 

261*66 

6*^ 

— 1*1500141 

-257*75 

139. 

1.5424792 

261.76 

90. 

1*3538925 

257.83 

140. 

1*5462963 

261*64 

91* 

1*3577698 

257.91 

141* 

1.5501162 

261*92 

92a- 

1*1614459. 

25J.*99 

142* 

1*5539329 

-262*01 

93. 

1*3655207 

258,07 

143* 

1*5577464 

262*09 

94* 

1*3693944 

258.15 

144* 

1*5615626 

262.17 

95* 

1*1212469 

- -256.21 

145  1 

1.5655759 

..  -262*25 

96* 

1*3771362 

256.31 

146* 

1*5691679 

262*33 

97. 

1*3610063 

256.39 

147* 

1.5729987 

262*41 

64. 

1*34*6772 

251*47. 

146* 

1*5768064 

262*49 

99. 

1*3667450 

256.55 

149* 

1*5606168 

262.57 

100* 

1*3926115 

256.63 

150* 

1*5644241 

262*66 

1-468 -* 
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NAVAL  AIR  REWORK  FACILITY 
NAVAL  AIR  STATION 
NORTH  ISLAND 

SAN  D eco  CA^v^ORM  A 


Western  Standards  ^aboratorg  1 

Report  of  fflalibration 


FOR 

PLATINUM  RESISTANCE  THERMOMETER 


SUBMITTED  BY: 

United  Technologies,  Chemical  Systems  Division 
1050  East  Arques 
Sunnyvale,  California 

Manufacturer:  Minco  Products,  Incorporated 
Model  : S 1059-2 

Serial  ; 232 


This  thermometer  was  calibrated  for  use  with  continous  current  of  1.0  mA 
through  the  thermometer.  The  following  values  were  found  for  the  constants  in 
the  International  Practical  Temperature  Scale  of  1968  (lPTS-68)  formulas: 


CONSTANT 


VALUE 


Alpha  (a) 
Delta  (5) 

C, 

A 

B 

R 


3.926852  x 10“^ 

1.435639 
8.855078  X 10"' 

2.000000  X 10~^**  (assumed) 
3.983228  x 10",^ 

- 5.637544  X 10~' 

100.3246  U. 


The  pertinent  IPTS-68  formulas  are  given  in  the  discussion  on  pages  1-454 
and  1-455, 


The  values  given  were  determined  from  measurements  near  0.01'’C,  25°C,  and  50°C. 
The  uncertainty  of  the  measurements  at  the  test  points,  expressed  in  temperature, 
is  less  than  0.01°C. 


AMBIENT  TEMP  23°C 

RELATIVE  HUMIDITY  43% 

REPORT  NO.  UT-4 

DATE  9 Jun  1977_ 

1 I NON  A V AlRCiAOrtK  F A C -tOOOC  » 4 7» 

mck 


PREPARED  BY:  F.  Berlanga 

APPROVED  BY:  C.  G,  fajllmann 
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PLATINUM  RISItTANCe  THERNOMCTER  HR  NQ.  2320000 


ALPHA*  O.SO|0832So78e-02 
A«s  0^00«S0Tef«OO 
A*  0,Sfs3228f *02 
R0«  0.100}2«orf05 
Rts  0^iOOS28oCt03 
H2B  0.n028a8Ef03 
R3a  0.1201782!  t03 
RA«  O.OOOOOOOItOO 


delta*  0.l038o50Ftol 


C«»  0.2000000t:»13 
8BtpO.So3780AE.06 


TIb  0,0100 
T2b  28,0120 
TSb  50,0283 
TOb  0.0000 
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RtlltTANcC  ThCRmOmCTCr  CAlURATION  TAeti  t^R  NO.  RMdROO 


'f 


TlMP. 

RClItTANCe 

iNvctsr 

TtRP, 

RCIlOTONCe 

inverse 

DtC.C 

RATIO 

0X77 

DEO.C 

RATIO 

OlFF 

e.moooo 

2A0.40 

0. 

1,0000000 

250;7S 

O.OOSIIAI 

240,89 

1. 

1,0059044 

250,98 

O.OOTIOOO 

240.97 

2. 

1,00796T7 

251,05 

••7, 

e.Bitoioi 

2A7.05 

5, 

1.0119494 

251,15 

*AA* 

0. 019202$ 

207.14 

0, 

1.0159507 

151.20 

•A*. 

0. 0195075 

207.22 

9, 

1,0199104 

251,27 

0.0215511 

2AA.50 

0. 

1.0250009 

251.55 

•Al. 

0,02T5A5S 

207,14 

7, 

1,0270605 

251,42 

•«2. 

0.051A}«5 

207,47 

0. 

1,0510425 

251,50 

•«l. 

0,05547«| 

207,55 

A. 

1,0550175 

251,57 

•AO, 

0.05A5124 

207,05 

10. 

1.0397914 

251,05 

•JA, 

0,04S54A5 

207,70 

11. 

1,0457640 

251,72 

■»A. 

0.0475052 

207,79 

12. 

1,0477555 

251.79 

•J7, 

O, 0510195 

247,07 

15. 

1,0517059 

251,87 

•It. 

0.0550525 

247,95 

10. 

1.0550750 

251,94 

•ss. 

0,0590845 

246,05 

IS. 

1,0590450 

252,02 

•3A. 

0.0057140 

2oe.it 

10. 

1,0050096 

252.09 

•S3. 

0,0077459 

206.19 

IT, 

1.0675755 

252,17 

•S2. 

0,0717717 

246.27 

10. 

1,0715599 

252.24 

•51. 

0,0757985 

246,15 

lA. 

1.0755052 

252.31 

•10. 

0. 8790250 

246,41 

20. 

1.0794654 

252,39 

•*’. 

0,0010476 

246,51 

21. 

1.0054203 

252.46 

•20, 

0,0070704 

246,59 

22. 

1,0075001 

252,54 

•27, 

0.0010910 

248.07 

25, 

1,0911447 

252.61 

•20, 

0,0059120 

208,74 

20. 

1.0955022 

252.69 

•2S. 

O.OOOOloO 

246,62 

25. 

1. 0992585 

252.76 

•2«, 

0,0010465 

248,90 

20. 

1,103215b 

252.64 

•25. 

0,9oTV640 

246,08 

27, 

1,1071076 

252.91 

•22. 

0,9110001 

249,05 

20, 

1,1111204 

252.99 

•21. 

0,0150040 

249,14 

2A, 

1.1150720 

253.06 

•20, 

0.0200000 

249,21 

50. 

1,1190225 

253.11 

•lA, 

0,9240180 

209.29 

51. 

1,1229710 

253.21 

•10, 

0.9260201 

249,17 

52. 

1,1269190 

255.26 

•17, 

0,952057c 

249,44 

55, 

1,1508600 

253.36 

•10, 

0.9500447 

249,52 

50. 

1,1540127 

253.43 

•IS. 

0.9400511 

209,60 

55. 

1,1507575 

253.51 

•I«. 

0,9440503 

209,66 

50, 

1,1427006 

253.58 

•15, 

0,9460603 

209,75 

57, 

1,1466431 

253.66 

•12. 

0,9520030 

249,83 

50. 

1,1505643 

253.73 

•11. 

0,9500045 

249,51 

5A, 

1,1545243 

253.81 

• 10. 

0,9600046 

249,98 

40, 

1,1584651 

253.68 

•A, 

0,9640056 

2S0.06 

01. 

1,1624006 

253,96 

•0, 

0,9600010 

250.14 

02, 

1.1605373 

254,03 

•ft 

0,9720582 

250,21 

03. 

1,1702727 

254,11 

•0. 

0.9700555 

250,29 

44, 

1,1742060 

254,16 

•5. 

0,9400477 

250,16 

45, 

1,1761400 

254, 2h 

•4, 

0,9440405 

250,45 

40, 

1,1620718 

254,53 

•5. 

0,9440522 

250,52 

07. 

1,1600020 

254,41 

•2. 

0,9020227 

250,60 

46, 

1,1600321 

254,46 

•1 . 

0,9000119 

250,08 

09. 

1,1934006 

254,56 

0. 

1,0000000 

250,75 

50, 

1,1977878 

254,63 

I 


J 
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Platinum  mesiitancc  thcphonctEr  calibration  tablC  iEr  no.  2120000 


TCMP, 

resistance 

inverse 

TEHP, 

resistance 

INyEHSl 

DEG.C 

RATIO 

oirf 

OEG.C 

RATIO 

OIFF 

90. 

1,1977878 

254.63 

100, 

1.3926852 

258,00 

51. 

1.2017139 

254,71 

101. 

1,3965540 

258.08 

52. 

1,2056389 

254,78 

102. 

1.4004217 

258.55 

53. 

1,2095627 

254.86 

103, 

1,4002862 

258,63 

50. 

1.2114853 

254,93 

104, 

1.4061536 

258.71 

55, 

1,2174068 

255,01 

105, 

1,4120178 

258,70 

56. 

1.2213271 

255,08 

106, 

1,4156809 

258.66 

57. 

1.2252463 

255,16 

107, 

1,4197429 

258,90 

50. 

1.2291643 

255.23 

108. 

1.4236037 

259,01 

59, 

1,2330812 

255,31 

109, 

1.4274630 

259,09 

60. 

1,2369969 

255,38 

110. 

1,4313220 

259.16 

61. 

1,2409115 

255,46 

111. 

1,4351790 

259,20 

62. 

1.2448249 

255.53 

112. 

1,4390357 

259,32 

63. 

1,2487372 

255,61 

113. 

1,4428909 

259.39 

64, 

1.2526483 

255,68 

114. 

1.4467449 

259,07 

65. 

1,2565583 

255.76 

115, 

1.4505978 

259,55 

66, 

1.2604671 

255.83 

116, 

1,4544495 

259,62 

67. 

1.2643748 

255,91 

117. 

1,4583002 

259,70 

60, 

1,2682813 

255,96 

110. 

1.4621497 

259.77 

69. 

1.2721866 

256,06 

119, 

1,4659960 

259,85 

70. 

1,2760909 

256.13 

120, 

1,4698052 

259.93 

71. 

1,2799939 

256,21 

121. 

1, 4736913 

260.00 

72. 

1,2836959 

256,28 

122. 

1.4775363 

260,08 

73. 

1,2877966 

256,36 

123. 

1,4813801 

200.16 

74, 

1,2916963 

256,43 

124, 

1,4652228 

260,25 

75, 

1,2955968 

256,51 

125, 

1,4690640 

260.31 

76, 

1,2994921 

256,59 

126. 

1,0929008 

260,59 

77. 

1.3033883 

256.66 

127, 

1, 0967001 

260,08 

78. 

1,3072833 

256,74 

128. 

1,5005823 

260,50 

79. 

1,1111772 

256,81 

129, 

l,5000l9o 

260,62 

80. 

1,3150700 

256,89 

130, 

1,5062553 

260.69 

81. 

1,3189616 

256,96 

131. 

1,5120901 

260.77 

82. 

1,3226521 

257,00 

132. 

1.5159237 

260.85 

83. 

1,3267410 

257,11 

135, 

1,5197562 

260,92 

84. 

1,3306296 

257,19 

134. 

1,5235678 

261,00 

85. 

1.3345166 

257,27 

135. 

1,5270179 

261, 0« 

«6. 

1,1384025 

257,34 

136, 

1,5312071 

261,16 

87. 

1,3422873 

257,42 

157, 

1,5550751 

261. cl 

80, 

1,3461709 

257,09 

138. 

1, 5389020 

261.31 

89. 

1,3500533 

257,57 

139. 

1,5027277 

261,39 

90, 

1,1539347 

257,60 

140. 

1,5065523 

261.08 

91, 

1,3576109 

257,72 

141. 

1,5503758 

261,50 

92. 

1,3616939 

257,80 

142. 

1.5541982 

261.62 

93. 

1,3655718 

257,87 

l«3. 

1,5580195 

261,69 

94. 

1,3694086 

257,95 

144, 

1,5618396 

261,77 

95. 

1,3733242 

258.02 

145, 

1.5656586 

26l.t.S 

96. 

1,3771987 

256,10 

146, 

1.5694760 

261,93 

97. 

1,3810720 

258,17 

147, 

1.5752932 

262,00 

98, 

1,3849402 

258.25 

148, 

1,5771088 

262.08 

99. 

1,3868153 

258,33 

149, 

1,5809253 

262.16 

100. 

1,3926852 

258,40 

150, 

1,5807367 

262,20 
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NAVAL  AIR  REWORK  FACILITY 
NAVAL  AIR  STATION 
NORTH  ISLAND 

SAN  O'CSO  CALISOHNIA 

Western  ^Haboratorg  1!Igpe  1 

^sport  of  (daltbration 

FOR 

PLATINUM  RESISTANCE  THERMOMETER 

SUBMITTED  BY: 

United  Technologies,  Chemical  Systems  Division 
1050  East  Arques 
Sunnyvale,  California 


Manufacturer:  Mlnco  Products,  Incorporated 
Model  : S 1059-2 

Serial  : 233 

This  thermometer  was  calibrated  for  use  with  conlnuous  current  of  1.0  mA 
through  the  thermometer.  The  following  values  were  found  for  the  constants  In 
the  International  Practical  Temperature  Scale  of  1968  (IPTS-68)  formulas: 


CONSTANT 

VALUE 

Alpha  (o) 

3.926303 

X 

10' 

Delta  (<5) 

1.469924 

Al 

3.366389 

X 

10 

C4 

2.000000 

X 

10 

A 

3.984017 

X 

10 

6 

- 5.771367 

X 

10 

R 

100.2662  0 

0 


(assumed) 


The  pertinent  IPTS-68  formulas  are  given  in  the  discussion  on  pages  1-454 
and  1-455. 


The  values  given  were  determined  from  measurements  near  0.01°C,  25°C,  and  50  C. 
The  uncertaintv  of  the  measurements  at  the  test  points,  expressed  in  temperature, 
is  less  than  0.01°C. 


AMBIENT  TEMP  23°C 

RELATIVE  HUMIDITY  43% 

REPORT  NO.  UT-5 

DATE  9 Jun  1977 

I IND-NA  VAiniWOnKVACtOOOl.  1 llAEV  A'T 

mck 


PREPARED  BY: 

APPROVED  BY: 


U.  F.  Berlanga 
C.  G.  Kullmann 


RESUBmiSSION  date  9 Jun  1979 
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^L^TlNji-  MsISTANCC  Mr 

ALP^A*  {>«S92d10?A!I>«E"0> 
AAa  tf«>SA63A9P»''t* 

AS  n,S9SA0l^F»v? 

A,P02»»2P9r2 
Pla  U.l0027'>2Pt'3 
R?»  0,110l2l7ct'i 
P3«  0.1201 ?5«r«'3 
RA»  wiOOOOOOOf ♦!••  i 


KQ*  21S'»003 

rEU7*»  C,l«©0‘<?«Ef '1 
Cxa  P.2  )0C0bAE«19 
•■•0,5771J67t«'‘© 

Tl*  o,''iPo 
T2«  25,M29 
T5»  S'.r^aS 
T**»  fl,*»CoO 


PLATZ'>*U^  RESISTANCC  THERHOMETEr  C«LI«RATICN  TABLE  SEr  NO.  233>*OOo 


1^' 


i: 


ft . 


:j' 


V 

in 

i 

I 


TEmr, 

resistance 

inverse 

temp. 

R£8ISTA^CE 

I’vyEWSE 

oec.c 

RATIO 

DIEF 

DEG.C 

Ratio 

OlFF 

•50# 

0,7990961 

246,85 

0, 

1 .Oftoojno 

25(..76 

■ 49. 

O.80114D2 

?4^,92 

1. 

1,0'>3'»852 

25  ,.93 

•db. 

0.8y7l947 

247,00 

2. 

1 ,0''79692 

251 .v> 

•«7. 

ft, 8112419 

247,08 

3. 

1 #01 19520 

25l,08 

•Ub, 

0.8182877 

247.17 

6. 

1.015933b 

251.16 

•«5, 

0.8191122 

247,25 

5, 

1,0199140 

251.23 

•44. 

0.8211751 

247,11 

6. 

1,0238932 

251.31 

•41. 

1,8274171 

247,41 

7, 

1,0278712 

251. 3« 

•42. 

0.8114575 

247,50 

8. 

1,0318480 

251.46 

•41. 

0,8154946 

247,58 

1,0356235 

251.54 

•40, 

0.8195144 

247,66 

10. 

1,0397979 

251.61 

•s**. 

!), 8435709 

247,74 

11. 

1,0437711 

251,69 

•16. 

0,8476060 

247.82 

12. 

1,0477431 

251,76 

• 17. 

0,8516198 

247.90 

13. 

1,0517139 

251.64 

■Id. 

0,8556721 

247,99 

14. 

1,055983a 

251.92 

•15. 

0,8597035 

240, Ob 

15, 

l,059ttS16 

251,99 

•14. 

0,8617134 

248,14 

16, 

l,0636l9o 

252. OT 

•11. 

0,8677620 

24R,21 

IT. 

1,0675950 

252,14 

•12. 

0.8717895 

246.10 

18. 

1,0715498 

252.22 

•ll. 

0,8758153 

248,38 

1«. 

1,0755134 

252.3’ 

•U. 

0,8796401 

248,46 

2t>. 

1,0794756 

252. 3^ 

•2'». 

0,8838635 

248,54 

21. 

1,0834370 

252, 45 

•28. 

0,8978857 

248,62 

22. 

1,0871970 

252.52 

•27, 

0,8919066 

248,70 

23. 

1,0911558 

252,0’ 

•26, 

0,8959262 

248.76 

24. 

1.0953134 

252,08 

•2S. 

0,8999447 

248,55 

25, 

1 ,0992699 

252.75 

•24. 

ft. 9019617 

?4<i  ,94 

26. 

Ul''3225i 

252,63 

•23. 

0,9079776 

?4<;,oi 

2T, 

l,l''7179i 

252.91 

•22. 

0,9119922 

249,09 

28. 

1.1111320 

252.98 

•21 , 

0,9160055 

240,17 

29. 

i.iiS'teSb 

253, C’6 

•2o, 

0,9200176 

249, ?5 

SO. 

l,ll9f<34i 

253,13 

•19. 

0,9240284 

249,12 

11. 

1 ,1229634 

253.21 

•18, 

0,9289160 

249, «0 

32. 

l,l?o9315 

253.29 

•17, 

o,93?046S 

2X9,48 

33. 

1 , 13  >8783 

253,56 

• ID, 

0,9S6J515 

249,55 

3«. 

1,1348240 

253.44 

•15, 

0,9400591 

249,65 

IS. 

1,1387686 

253,52 

•14, 

0,9440640 

249,71 

36. 

1, 1427119 

253,59 

•13. 

0,9480674 

249^79 

IT. 

1 , 1 4o654(. 

253, o7 

•12. 

•..952(,69(. 

249,87 

38, 

1 , 15.1 595  0 

253.75 

•1  1 . 

0,9569705 

2X0,94 

39. 

I,l5u5347 

253. ■‘2 

•U'. 

0,9600703 

25  ^.,02 

4ft, 

1,1564733 

253.9*' 

•4. 

0,9640687 

25:  ,10 

41. 

1,1624107 

253.98 

• 8. 

o,966w660 

25'’, 17 

42, 

1 ,1663469 

25h.  .5 

•7. 

0,9720620 

25  ,25 

43. 

1,1702819 

25-. 13 

•fe. 

0,9741)568 

25 ',33 

44, 

1,1742157 

25-. .:1 

•5. 

0,9800504 

25' ,40 

45. 

I,l761u8a 

254,28 

•4, 

0,9840427 

25  >,48 

46, 

1,1820796 

254,36 

•1. 

0,9880119 

250,55 

4T. 

Ulfio^ioi 

254,4  j 

•2. 

0,9920218 

250, 61 

48, 

1,1899392 

254,51 

•1 . 

.’,9960125 

25'’, 71 

49, 

1,1938671 

254.59 

0. 

i.ooooooc 

250.78 

50. 

1,1977936 

254. b^ 
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TMEr^oMITEr 

CA^X»RATXCNi  TA01.C  sEr 

NO.  23i'^0C 

TiMP, 

ReSX|7ANCl 

iNvERfE 

temp. 

resistance 

I^yA'ISE 

OIC.C 

RA7I0 

DXPF 

0E6.C 

RA710 

bI9F 

S3. 

1,14774J8 

254,47 

100, 

1,3924303 

256.53 

Si. 

1 ,2017154 

254,74 

loi. 

1,3944972 

256.61 

S2. 

1,2054417 

254,82 

102, 

l,4ftC563o 

258,66 

51. 

1,2045449 

254,90 

103, 

1,4042275 

256,76 

54. 

1.21S8864 

254,97 

104, 

1,4080909 

258,64 

55. 

1,1174057 

255.05 

105. 

1,4119532 

256,92 

54, 

1.2211254 

255.11 

104, 

1, 4158142 

259.00 

57, 

1.2252478 

255,20 

107, 

1,4196741 

259, o7 

58, 

1,2241451 

255,28 

106, 

1,4235329 

259.19 

54, 

1. 2110812 

255,54 

109, 

1,4273905 

259,23 

40. 

1.2145441 

255.41 

no. 

1,4312449 

259,31 

4i. 

1, 2405059 

255,51 

111. 

1,4351022 

259,39 

42. 

1,2448224 

255,59 

112. 

1,4369543 

299,46 

41. 

1.2487136 

255,66 

111. 

1,4428092 

299,54 

*4, 

1,2524440 

255.74 

114. 

1,4466610 

259,62 

45, 

1.2545530 

155.82 

115, 

1,4905116 

259,7ft 

44, 

1.2404404 

255,89 

114, 

1,4543611 

259,78 

47. 

1,2443676 

255,97 

117, 

1,4562093 

259.66 

48. 

1.2482711 

254,05 

ll6. 

1,4620565 

259.93 

44. 

1,2721774 

258,13 

119, 

l,4659o25 

26;), 01 

73. 

1 ,2740805 

254,20 

120, 

1,469747s 

26t  ,09 

71. 

1,2744825 

254,28 

121. 

1,4735909 

26!  ,17 

72. 

1. 2818831 

256,34 

122. 

1,4774334 

26.;,  25 

73. 

1,2877824 

254,43 

121. 

l,48i2748 

260,53 

7*. 

1.2414814 

256,51 

124. 

1,4651 l5u 

26,1,4(1 

75, 

1,2955987 

254,59 

125, 

1,4869540 

26 -.,48 

76. 

1,2994749 

256.47 

126. 

1,4927919 

26),  56 

77, 

1.3011497 

254,74 

127, 

1,496626r 

26', 64 

78, 

1,1072615 

256.82 

128, 

1,5004641 

26'', 72 

74. 

1.3111541 

254.40 

128. 

1,5042965 

260,80 

• 0, 

1,1150675 

254.48 

Ilf. 

1,5081318 

260,68 

8i. 

1,1189377 

257,05 

111. 

1,51 I9e38 

260,99 

82. 

1 ,3228248 

257,13 

112, 

1,5157948 

261,03 

83. 

1,3247147 

257,21 

111. 

1,5196245 

261,11 

84. 

1,1304015 

257,29 

114, 

1,5234512 

261,1® 

85. 

1.3344870 

257,34 

135. 

1,5272606 

261,27 

84. 

1.3383714 

257,44 

114, 

1 ,53 1 1069 

261.35 

87. 

1,3422544 

257,52 

ll^ 

1,5149321 

261,41 

88, 

1 ,1441147 

257,40 

138, 

1, 5167561 

261,51 

84. 

1,3500174 

257,47 

11®. 

1,5425769 

261,5'* 

46. 

1.3538973 

257,7b 

140. 

1,546«cC6 

261,66 

41. 

1,1577759 

257,83 

141. 

).55<.2ct] 

261,74 

42, 

1.1614511 

257,91 

142, 

l,55iift405 

261.82 

43. 

1.1455295 

257,96 

141. 

1,5576587 

261.®  • 

44, 

1,1694045 

258,04 

144, 

1,5616756 

2M  .9'* 

45. 

1,1712784 

256,14 

145. 

1,5654917 

262,06 

44, 

1,1771511 

258,22 

146, 

1,5693065 

262,1“ 

47. 

1. 1810227 

258,29 

147, 

1,5731201 

262.22 

48, 

1,1846911 

258,37 

148, 

l,57e9J2o 

262,3' 

44. 

1 ,1887423 

258,45 

149, 

l,5*.'7a39 

262.35 

!<(;. 

1.1924301 

256,53 

15ft, 

1 ,5*‘-‘!54<,( 

26?, 

1-478 


APPENDIX  J 

VISHAY  RESISTOR  STABILITY  DATA 


H 


3 

i 

1 


This  appendix  contains  long-term  stability  data  on  Vishay  resistors  purchased 
by  CSD  for  use  on  this  contract  as  well  as  long-term  data  on  resistors  sup- 
plied to  Bendix  Corp.  This  appendix  is  included  to  demonstrate  the  stability 
behavior  of  the  Vishay  resistors. 


Quality  Control  Data  Sheet 


Customer  - United  Technology  P.O.  No.  35-366828 

F.O.  0505-238  F.C.  50910  Value:  506 

Tolerance:  1* 

Maximum 

Minimum 

Response  511.060 

Response  500.940 

-I55OC  to 


Serial  I25OC  168  hr 


No. 

Readout, n 

Cycle 

Readout 

R ■ PPM 

Burn 

Readout 

R « PPM 

WS  93 

505.990 

X 

505.994 

0.08 

X 

505.993 

-0.02 

94 

505.968 

X 

505.970 

0.04 

X 

505.971 

0.02 

95 

505.991 

X 

505.993 

0.04 

X 

505.993 

0 

96 

505.983 

X 

505.983 

0 

X 

505.982 

-0.02 

97 

505.981 

X 

505.983 

0.04 

X 

505.982 

-0.02 

98 

505.006 

X 

506.007 

0.02 

X 

506.001 

-0.12 

99 

505.984 

X 

505.984 

0 

X 

505.982 

-0.04 

WT  00 

505.947 

X 

505.949 

0.04 

X 

505.947 

-0.04 

01 

505.995 

X 

505.995 

0 

X 

505.991 

-0.08 

02 

505.978 

X 

505.976 

-0.04 

X 

505.973 

-0.06 

03 

505.986 

X 

505.988 

0.04 

X 

505.991 

0.06 

04 

505.997 

X 

505.999 

0.04 

X 

505.996 

-0.06 

05 

505.965 

X 

505.965 

0 

X 

505.961 

-0.08 

06 

505.989 

X 

505.991 

0.04 

X 

505.989 

-0.04 

07 

505.998 

X 

505.998 

0 

X 

506.002 

0.08 

08 

505.982 

X 

505.982 

0 

X 

505.979 

-0.06 

09 

506.002 

X 

506.003 

0.02 

X 

506.000 

-0.06 

10 

505.987 

X 

505.988 

0.02 

X 

505.984 

-0.08 

11 

506.021 

X 

506.023 

0.04 

X 

506.018 

-0.10 

12 

505.986 

X 

505.987 

0.01 

X 

505.981 

-0.12 

VISHAY  ENVIRONMENTAL  LAB 


LAB  No.  98-2  TR  No. 


Originator  Beaver 


Project  No. 


Part  No. 
P/N  300231 

150  ± O.IX 
165  1 O.IX 
154  t O.IX 


Department  No.  403 


Quantity 


Date  Code 


Test  Description:  Group  "C"  inspected  subgroup  2,  test  per  Vishay  B/P 
710094  load  life.  FO  No.  0614-418  (Bendix). 


Equipment  Model  No 


Resistance  bridge  1104 

Digital  multimeter  8000A 

Oven  No.  10  0V490A 

Thermometer  _ 


210 

51123 

JT8754R 

82 


Calibration  Due 


3/26/76 
7/31/75 
Before  use 
3/3/76 


Remarks:  Exceptions;  (1)  temperature  « 60°±5°C,  (2)  duration  * 2,000*48  hr, 
(3)AR  limit  « 0.03%  (300  ppm)  and  0.1%  (1,000  ppm)  ABS,  (4)  load  = 0.15  W dc 


Performed  by:  N.  Love 


Date:  4/9/75 


QUALITY  CONTROL  DATA  SHEET 
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Customer  - Bend lx  Remarks:  Temperature  » 60°C 

LR  No.  98-2  Value  « 4.83  VOC 

F.O.  Equipment  Monitoring  Sheet 
P.O.  54-442638 

Voltage 

Temperature  Load  on 

Date  Observer  Tl^ne  of  Oven  Rack 
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(3)  Average  = Algebraic  average 

(4)  Defects  not  included  in  average 
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VISHAY  ENVIRONMENTAL  LAB 


F 


p 

Lab  No.  175  TR 

No.  - 

Project  No. 

Department  No.  20-2D1 

Originator  - Lownes 

Part  No. 

Date  Code 

r ■ 

1 

S102 

Quantity 

1' 

2646  n 

5 

7512 

1365n 

5 

7351 

327612 

5 

7346 

1 

Test  Description:  Load 
and  Singer  A6DDAD49. 

life. 

subgroup  I,  per  MIL 

-R-55182E, 

paragraph  4.7.17 

l\ 

Equipment 

Model 

No.  Serial 

No. 

Calibration  Due 

Resistance  bridge 
Fluke  multimeter 
Power  supply 
Cycling  box 
Oven 

Power  supply 
Power  supply 
Thermometer 


1104 
8000A 
VI shay 
Vi  shay 

Blue  "M"  0V490A-2 
Vi  shay 

LAMBDA  LH118A 


Remarks:  Exceptions;  (1)  duration  = 2,000  hr,  (2)  power  « 0.1  W at  pOc 
cycling,  (3)  read  and  record  at  250,  500,  1,000,  and  2,000  hr,  (4)AR  limit 


210 

3/26/76 

51123 

1/31/76 

7413 

Each  use 

107 

Each  use 

J-3770 

Each  use 

7406 

Each  use 

02386 

Each  use 

86 

3/3/76 

hr,  (2)  power  * 

0.1  W at  70Oc 

75  ppm. 


VI SHAY  RESISTIVE  SYSTEMS  GROUP 
Environmental  Lab  Data  Sheet 


MIL-R-55182E 

W > 

0.1 

Test:  Load  life  (2,000  hr) 

Method  Paragraph  4.7.17 

per 

release  150394A  Group 

LR  No.  175 

Sub( 

jroup  1 (SI 02)  049-103 

E * 5.14  VDC 

I • 

0.09720 

Value  > 26^ 

i.sn 

Tolerance  • 

• 1.0* 

250  hr 

500  hr 

1,000  hr 

2,000  hr 

Serial  No. 

Initial 

ARPPM 

ARPPM 

ARPPM 

ARPPM 

AA-0818 

264.852 

-40 

-35 

-25 

-50 

0820 

265.208 

-40 

-35 

-35 

-45 

0821 

264.907 

-30 

-25 

-20 

-20 

0824 

265.073 

-25 

-35 

-35 

-40 

0867 

264.998 

-30 

-30 

-30 

-35 

By: 

N.  Love 

N.  Love 

N.  Love 

N.  Love 

N.  Love 

Date: 

6/26/75 

7/8/75 

7/18/75 

8/8/75 

9/19/75 

Time: 

1350 

1500 

1220 

1540 

1045 

Temp/RH 

760/26X 

74O/50* 

740/55* 

720/50* 

73O/55* 

VISHAY  RESISTIVE  SYSTEMS  GROUP 
Environmental  Lab  Data  Sheet 


MIL-R-55182E  W * 0.1 

Method  Paragraph  4.7.17 
L.R.  No.  175 


E > 11.68 

Serial  No. 

I 

Initial 

« 0.04278 

250  hr 
arppm 

AO-419 

1369.99 

-30 

420 

1369.95 

-50 

425 

1369.04 

-50 

427 

1369.83 

-60 

428 

1370.06 

-35 

By: 

N.  Love 

N.  Love 

Date: 

6/26/75 

7/8/75 

Time: 

1345 

1510 

Temp/RH: 

760/26* 

74O/50* 

Test:  Load  life  (2,000  hr) 

per  release  150394A  group  "C" 
Subgroup  I (S102)  049-115 
Value  * 136512  Tolerance  ■ l.OX 


500  hr  1,000  hr  2,000  hr 

arppm  arppm  arppm 


-30 

-20 

-30 

-50 

-50 

-50 

-50 

-50 

-50 

-60 

-55 

-50 

-35 

-30 

-40 

N.  Love 

N.  Love 

N.  Love 

7/18/75 

8/8/75 

9/19/75 

1210 

1540 

1045 

740/55* 

780/50* 

73O/5O* 

j-488 


Quality  Control  Data  Sheet 


SHELF  LIFE  lOK  0.01*  SIO?  RESISTOR  UNMOUNTED  AND  INDIVIDUALLY  SERIAL  NUMBERED 

Group  A8 


1/18/66 

2/28/66 

.SR.Sl 

aR,  (*) 

4/5/66 

.iR  (X) 

AOfi87 

10000.1 

9999.99 

-0000.11 

-0.0011 

9999.99 

-0000.11 

-0.0011 

88 

9999.50 

9998.95 

-0000.55 

-0.0055 

9998.93 

-0000.57 

-0.0057 

89 

9999.38 

9998.86 

-0000.52 

-0.0052 

9998.90 

-0000.48 

-0.0048 

90 

9999.81 

9999.20 

-0000.61 

-0.0061 

9999.22 

-0000.59 

-0.0059 

91 

10000.3 

10000.0 

-00000.3 

-0.0030 

10000.0 

-00000.3 

-0.0030 

°?. 

10000.2 

9999.97 

-0000.23 

-0.0023 

9999.96 

-0000.24 

-0.0024 

93 

9099.80 

9999.44 

-0000.36 

-0.0036 

9999.39 

-0000.41 

-0.0041 

94 

10000.3 

10000.0 

-00000.3 

-0.0030 

10000.0 

-00000.3 

-0.0030 

95 

10000.2 

9999.87 

-0000.33 

-O.OC33 

9999.91 

-0000.29 

-0.0029 

96 

10000.4 

10000.0 

-00000.4 

-0.0040 

10000. C 

-00000.4 

-0.0040 

97 

10000.3 

10000.0 

-00000.3 

-0.0030 

10000.0 

-00000.3 

-0.0030 

98 

9999.91 

9999.59 

-0000.32 

-0.0032 

9999.56 

-0000.35 

-0.0035 

99 

10000.3 

9999.99 

-0000.31 

-0.0031 

9999.99 

-0000.31 

-0.0031 

700 

10000.4 

10000.0 

-00000.4 

-0.0040 
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-00000.3 

-0.0030 

01 

10000.5 

10000.0 

-00000.5 

-0.0050 

10000.0 

-00000.5 

-0.0050 

0? 

10000.3 

10000.0 

-00000.3 

-0.0030 

10000.0 

-00000.3 

-0.0030 

03 

10000.0 

9999.54 

-0000.46 

-0.0046 

9999.57 

-0000.43 

-0.0043 

04 
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-00000.3 

-0.0030 
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-00000.3 

-0.0030 

05 

10000.1 

9999.99 

-0000.11 

-0.0011 
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-0000.11 

-0.0011 

06 

9999.53 

9999.09 

-0000.44 

-0.0044 

9999.13 

-0000.40 

-0.0040 

07 

10000.0 

9999.80 

-0000.20 

-0.0020 

9999.77 

-0000.23 

-0.0023 

08 

10000.3 
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-0000.31 

-0.0031 
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-0000.31 

-0.0031 

09 

9999.80 

9999.19 

-0000.61 

-0.0061 

9999.18 

-0000.62 

-0.0062 

10 

10000.1 

9999.79 

-0000.31 

-0.0031 

9999.99 

-0000.11 

-0.0011 

11 

10000.3 

9999.99 

-0000.31 

-0.0031 

9999.99 

-0000.31 

-0.0031 

12 

10000.4 

10000.0 

-00000.4 

-0.0040 

10000.0 

-00000.4 

-0.0040 

13 

9999.30 

9998.92 

-0000.38 

-0.0038 

9999.00 

-0000.30 

-0.0030 

14 

10000.3 

9999.88 

-0000.42 

-0.0042 

9999.92 

-0000.38 

-0.0038 

15 

10000.4 

10000.0 

-00000.4 

-0.0040 

10000.0 

-00000.4 

-0.0040 

16 

9999.98 

9999.70 

-0000.28 

-0.0028 

9999.74 

-0000.24 

-0.0024 

17 

10000.3 

9999.95 

-0000.35 

-0.0035 

9999.99 

-0000.31 

-0.0031 

18 

9999 . 70 

5999. 20 

-0000.50 

-0.0050 

0000.18 

-0000.52 

-0.0052 

19 

9999.99 

9999.65 

-0000.34 

-0.0034 

9999.71 

-0000.28 

-0.0028 

20 

9999.61 

9998.99 

-0000.62 

-0.0062 

9999.03 

-0000.58 

-0.0058 

21 

9999.49 

0000.11 

-0000.38 

-0.0038 

9999.13 

-0000.36 

-0.0036 

22 

9999.68 

9999.11 

-0000.57 

-0.0057 

9999.04 

-0000.64 

-0.0064 

23 

9999.77 

9999.32 

-0000.45 

-0.0045 

9999.37 

-0000.40 

-0.0040 

24 

9999.80 

9999.02 

-0000.78 

-0.0078 

9999.00 

-0000.80 

-0.0080 

25 

9999.97 

9999.45 

-0000.52 

-0.0052 

9999.51 

-0000.46 

-0.0046 

26 

9999.72 

9999.36 

-0000.36 

-0.0036 

9999.33 

-0000.39 

-0.0039 

27 

10000.5 

10000.2 

-00000.3 

-0.0030 

10000.3 

-00000.2 

-0.0020 

28 

9999.75 

9999.22 

-0000.53 

-0.0053 

9999.20 

-0000.55 

-0.0055 

29 

9999.71 

9999.50 

-0000.21 

-0.0021 

9999.55 

-0000.16 

-0.0016 

30 

10000.0 

9999.62 

-0000.38 

-0.0038 

9999.62 

-0000.38 

-0.0038 

31 

10000.1 

9999.71 

-0000.39 

-0.0039 

9999.69 

-0000.41 

-0.0041 

32 

9999.99 

9999.65 

-0000.34 

-0.0034 

9999.62 

-0000.37 

-0.0037 

33 

9999.70 

9999.14 

-0000.56 

-0.0056 

9999.10 

-0000.60 

-0.0060 

34 

9999.97 

9999.40 

-0000.57 

-0.0057 

9999.46 

-0000.51 

-0.0051 

35 

10000.3 

9999.84 

-0000.46 

-0.0046 

9999.83 

-0000.47 

-0.0047 

36 

9999.78 

9999.28 

-0000.50 

-0.0050 

9999.25 

-0000.53 

-0.0053 

37 

9999.80 

9999.30 

-0000.50 

-0.0050 

9999.27 

-0000.53 

-0.0053 

J-4“l/492 


Shelf  Life  - Group  A8;  lOK.  O.OU,  5102,  51  Units 


5/20/66 

AR.U 

AR,  * 

12/19/66 

AR.ii 

AR,  X 

AOfifi? 

9999.98 

-0000.1? 

-0.001? 

9999.99 

-0000.11 

-0.0011 

88 

9998.94 

-0000.56 

-0.0056 

9998.78 

-0000.72 

-0.0072 

89 

9998.91 

-0000.47 

-0.0047 

9998.84 

-0000.54 

-0.0054 

90 

9999.25 

-0000.36 

-0.0036 

0999.06 

-0000.75 

-0.0075 

91 

10000.0 

-0000.30 

-0.0030 

10000.0 

-0000.30 

-0.0030 

92 

9990.96 

-0000.24 

-0.0024 

9999.88 

-0000.3? 

-0.0032 

93 

9999.44 

-0000.36 

-0.0036 

9999.44 

-0000.36 

-0.0036 

94 

10000.0 

-0000.30 

-0.0030 

9999.96 

-0000.34 

-0.0034 

95 

9999.92 

-0000.28 

-0.0028 

9999.86 

-0000.34 

-0.0034 

96 

10000.1 

-0000.30 

-0.0030 

10000.1 

-0000.30 

-0.0030 

97 

10000.0 

-0000.30 

-0.0030 

9999.99 

-0000.31 

-0.0031 

98 

9999.59 

-0000.32 

-0.0032 

9999.42 

-0000.49 

-0.0049 

99 

9999.99 

-0000.31 

-0.0031 

9999.99 

-0000.31 

-0.0031 

700 

10000.1 

-0000.30 

-0.0030 

10000.1 

-0000.30 

-0.0030 

01 

10000.0 

-0000.50 

-0.0050 

10000.0 

-0000.50 

-0.0050 

02 

10000.0 

-0000.30 

-0.0030 

10000.0 

-0000 . 30 

-0.0030 

03 

9999.59 

-0000.41 

-0.0041 

9999.43 

-0000.57 

-0.0057 

04 

10000.1 

-0000.30 

-0.0030 

10000.1 

-0000.30 

-0.0030 

05 

10000.0 

-0000.10 

-0.0010 

9999.97 

-0000.13 

-0.0013 

06 

9999.13 

-0000.40 

-0.0040 

9999.06 

-0000.47 

-0.0047 

07 

9999.76 

-0000.24 

-0.0024 

9999.69 

-0000.31 

-0.0031 

08 

9999.99 

-0000.31 

-0.0031 

9999.98 

-0000.32 

-0.0032 

09 

9999.29 

-0000.51 

-0.0051 

9999.08 

-0000.72 

-0.0072 

10 

9999.99 

-0000.11 

-0.0011 

9999.97 

-0000.13 

-0.0013 

11 

9999.99 

-0000.31 

-0.0031 

9999.94 

-0000.36 

-0.0036 

12 

10000.0 

-0000.40 

-0.0040 

9999.99 

-0000.41 

-0.0041 

13 

9999.16 

-0000.14 

-0.0014 

9998.83 

-0000.47 

-0.0047 

14 

9999.95 

-0000.35 

-0.0035 

9999.88 

-0000.42 

-0.0042 

15 

10000.0 

-0000.40 

-0.0040 

1000.00 

-0000.40 

-0.0040 

16 

9999.87 

-0000.11 

-0.0011 

9999.63 

-0000.35 

-0.0035 

17 

9999.99 

-0000.31 

-0.0031 

9999.90 

-0000.40 

-0.0040 

18 

9999.17 

-0000.53 

-0.0053 

9909. 06 

-0000.64 

-0.0064 

19 

9999.69 

-0000.30 

-0.0030 

9999.67 

-0000.32 

-0.0032 

20 

9999.08 

-0000.53 

-0.0053 

9998.82 

-0000.79 

-0.0079 

21 

9999.13 

-0000.36 

-0.0036 

9999.05 

-0000.44 

-0.0044 

22 

9999.15 

-0000.53 

-0.0053 

9998.92 

-0000.76 

-0.0076 

23 

9999.39 

-0000.36 

-0.0036 

9999.25 

-0000.5? 

-0.0052 

24 

9999.09 

-0000.71 

-0.0071 

9998.80 

-000] .00 

-0.0100 

25 

9999.58 

-0000.39 

-0.0039 

9999.39 

-0000.58 

-0.0058 

26 

9999.33 

-0000.39 

-0,0039 

9999.25 

-0000.47 

-0.0047 

27 

10000.3 

-0000.20 

-0.0020 

10000.3 

-0000.20 

-0.0020 

28 

9999.22 

-0000.53 

-0,0053 

9999.11 

-0000.64 

-0.0064 

29 

9999.56 

-0000.15 

-0.0015 

9999.5? 

-0000.19 

-0.0019 

30 

9999.62 

-0000.. 38 

-0.0038 

9999.58 

-0000.4? 

-0.0042 

31 

9999.76 

-0000.34 

-0.0034 

9999.65 

-0000,45 

0.0045 

32 

9999.62 

-0000.37 

-0.0037 

9999.57 

-0000.42 

-0.0042 

33 

9999.17 

-0000.53 

-0.0053 

9999.05 

-0000.65 

-0.0065 

34 

9999.49 

-0000.48 

-0.0048 

9999.46 

-0000.51 

-0.0051 

35 

9999.85 

-0000.45 

-0.0045 

9999.72 

-0000.58 

-0.0058 

36 

9999.27 

-0000.51 

-0.0051 

9999.19 

-0000.59 

-0.0059 

37 

9999.32 

-0000.48 

-0.0048 

9999.18 

-0000.62 

-0.0062 

38 

9999.82 

- 

- 

9999.71 

- 

- 
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3/2/67 

aR,  * 

9/5/67 

^R.S2 

AR,  * 

9/6/68 

AR.a 

aR,  * 

A0687 

9999.98 

-0000.12 

-0.0012 

10000.2 

00000.1 

0.0010 

10000.2 

00000.1 

0.0010 

88 

9990.80 

-0000.70 

-0.0070 

«99<».37 

-0000.13 

-0.0013 

9999.10 

-0000.40 

-0.0040 

89 

9999.88 

-0000.50 

-0.0050 

9999.42 

0000.04 

0.0004 

9999.17 

-0000.21 

-0.0021 

90 

9999.09 

-0000.72 

-0.0072 

9999.90 

0000.09 

0.0009 

9999.78 

-0000. U3 

-0.0003 

91 

10000.0 

-00000.3 

-0.0030 

10000.3 

- 

- 

10000.4 

00000.1 

0.0010 

9? 

9999.82 

-0000.38 

-0.0038 

10000.1 

-00000.1 

-0.0010 

10000.1 

-00000.1 

-0.0010 

93 

9999.42 

-0000.38 

-0.0038 

20000.0 

0000.20 

0.0020 

Unstable 

- 

- 

94 

9999.99 

-0000.31 

-0.0031 

10000.3 

- 

- 

10000.5 

00000.2 

0.0020 

95 

9999.89 

-0000.31 

-0.0031 

10000.2 

0000.90 

- 

10000.2 

- 

- 

9fi 

10000.0 

-00000.4 

-0.0040 

10000.4 

- 

- 

10000.5 

00000.1 

0.0010 

97 

9999.99 

-0000.31 

-0.0031 

10000.3 

- 

- 

10000.3 

- 

- 

98 

9999.47 

-0000.44 

-0.0044 

9999.92 

0000.01 

0.0001 

0099.70 

-0000.21 

-0.0021 

99 

9999.97 

-0000.33 

-0.0033 

10000.2 

-00000.1 

-0.0010 

10000.4 

00000.1 

0.0010 

700 

10000.1 

-00000.3 

-0.0030 

10000.5 

00000.1 

0.0010 

Missing 

- 

- 

01 

10000.0 

-00000.5 

-0.0050 

10000.5 

- 

- 

10000.4 

-00000.1 

-0.0010 

02 

9999.99 

-0000.31 

-0.0031 

10000.3 

- 

- 

10000.3 

- 

- 

03 

9999.48 

-0000.52 

-0.0052 

10000.1 

00000.1 

o.nolo 

10000.1 

00000.1 

0.0010 

04 

10000.1 

-00000.3 

-0.0030 

10000.5 

00000.1 

0.0010 

10000.7 

00000.3 

0.0030 

05 

9999.95 

-0000.15 

-0.0015 

10000.2 

00000.1 

0.0010 

10000.2 

00000.1 

0.0010 

05 

9999.08 

-0000.45 

-0.0045 

9999.62 

0000.09 

0.0009 

9999.32 

-0000.21 

-0.0021 

07 

9999.67 

-0000.33 

-0.0033 

10000.0 

- 

- 

9999.95 

-0000.05 

-0.0005 

08 

9999.99 

-0000.31 

-0.0031 

10000.3 

- 

- 

10000.2 

-00000.1 

-0.0010 

09 

9999.16 

-0000.64 

-0.0064 

10000.0 

0000.20 

0.0020 

9999.63 

-0000.17 

-0.0017 

10 

9999.99 

-0000.11 

-0.0011 

10000.4 

00000.3 

0.0030 

10000.3 

00000.2 

0.0020 

11 

9999.90 

-0000.20 

-0.0020 

10000.2 

-00000.1 

-0.0010 

10000.2 

-00000.1 

-0.0010 

12 

10000.0 

-00000.4 

-0.0040 

10000.4 

- 

- 

10000.3 

-00000.1 

-0.0010 

13 

9999.94 

-0000.36 

-0.0036 

9999.50 

0000.20 

0.0020 

9999.50 

0000.20 

0.0020 

14 

9999.93 

-0000.37 

-0.0037 

10000.3 

- 

- 

10000.2 

-00000.1 

-0.0010 

15 

10000.0 

-00000.4 

-0.0040 

10000.4 

- 

- 

10000.3 

-00000.1 

-0.0010 

16 

9999.67 

-0000.31 

-0.0031 

10000.0 

00000.2 

0.0020 

10000.1 

0000.12 

0.0012 

17 

9999.92 

-0000.38 

-0.0038 

10000.3 

- 

- 

10000.2 

-00000.1 

-0.0010 

18 

9999.07 

-0000.63 

-0.0063 

9999.56 

-0000.14 

-0.0014 

9999.35 

-0000.35 

0.0035 

19 

9999.65 

-0000.34 

-0.0034 

10000.0 

0000.01 

0.0001 

9999.75 

-0000.24 

-0.0024 

20 

9999.89 

-0000.72 

-0.0072 

9999.50 

-0000.11 

-0.0011 

9999.09 

-0000.52 

0.0052 

21 

9999.00 

-0000.49 

-0.0049 

9999.46 

-0000.03 

-0.0003 

9999.20 

-0000.29 

-0.0029 

22 

9998.96 

-0000.72 

-0.0072 

9999.78 

0000.10 

0.0010 

9999.70 

0000.02 

0.0002 

23 

9999.23 

-0000.54 

-0.0054 

9999.85 

0000.08 

0.0008 

9999.54 

-0000.23 

-0.0023 

24 

9998.92 

-0000.88 

-0.0088 

9999.95 

0000.15 

0.0015 

9999.80 

- 

- 

25 

9999.40 

-0000.57 

-0.0057 

10000.0 

0000.03 

0.0003 

10000.0 

0000.03 

0.0003 

26 

9999.21 

-0000.51 

-0.0051 

9999.73 

0000.01 

0.0001 

9999.50 

-0000.22 

-0.0022 

27 

10000.3 

-00000.2 

-0.0020 

10000.8 

00000.3 

0.0030 

10000.6 

00000.1 

0.0010 

28 

9999.12 

-0000.63 

-0.0063 

9999.69 

-0000.06 

-0.0006 

9999.55 

-0000.20 

-0.0020 

29 

9999.46 

-0000.25 

-0.0025 

9999.71 

- 

- 

9999.80 

0000.09 

0.0009 

30 

9999.55 

-0000.45 

-0.0045 

10000.0 

- 

- 

10000.6 

00000.6 

0.0060 

31 

9999.66 

-0000.44 

-0.0044 

10000.2 

00000.1 

0.0010 

10000.4 

00000.3 

0.0030 

32 

9999.55 

-0000.44 

-0.0044 

9999.89 

-0000.10 

-o.nolo 

9999.80 

-0000.19 

-0.0019 

33 

9999.08 

-0000.62 

-0.0062 

9999.79 

0000.09 

0.0009 

10001.7 

0001.71 

0.0171 

34 

9999.42 

-0000.55 

-0.0055 

10000.1 

0000.04 

0.0004 

9999.60 

-0000.37 

-0.0037 

35 

9999.75 

-0000.55 

-0.0055 

10000.3 

- 

- 

10000.3 

- 

- 

36 

9999.20 

-0000.58 

-0.0058 

9999.75 

-0000.03 

-0.0003 

9999.48 

-0000.38 

-0.0038 

37 

9999.21 

-0000.59 

-0.0059 

9999.83 

0000.03 

0.0003 

9999.70 

-0000.10 

-0.0010 

38 

9999.70 

10000.2 

10000.0 
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I 

f 


I 


8/2/71  10/24/73  8/1/75 

48692  hr  aR.St  aR,  * 68192  hr  aR.Si  aR,  % 83520  hr  aR.'i  aR,  X 


A0687 

10000.4 

88 

9999.36 

89 

9999.37 

90 

9999.95 

91 

10000.5 

92 

10000.3 

93 

10000.0 

94 

10000.5 

95 

10000.4 

96 

10000.7 

97 

10000.5 

98 

9999.74 

99 

10000.3 

700 

01 

10000.7 

02 

10000.4 

03 

10000.3 

04 

10000.8 

05 

10000.3 

06 

9999.60 

07 

10000.1 

08 

10000.5 

09 

9999.98 

10 

10000.7 

11 

10000.3 

12 

10000.7 

13 

9999.27 

14 

10000.6 

15 

10000.6 

16 

10000.2 

17 

10000.5 

18 

9999.45 

19 

9999.90 

20 

9999.38 

21 

9999.20 

22 

9999.71 

23 

9999.74 

24 

10000.3 

25 

10000.3 

26 

9999.56 

27 

10000.8 

28 

9999.63 

29 

9999.46 

30 

9999.97 

31 

10000.4 

32 

9999.75 

33 

9999.68 

34  . 

10000.1 

35 

10000.6 

36 

9999.63 

37 

9999.73 

38 

10000.3 

00000.3  0.0030 
-0000.14  -0.0014 
-0000.01  -0.0001 
0000.14  0.0014 
00000.2  0.0020 
00000.1  0.0010 
0000.20  0.0020 
00000.2  0.0020 
00000.2  0.0020 
00000.3  0.0030 
00000.2  0.0020 
-0000.17  -0.0017 


00000.2  0.0020 

00000.1  0.0010 

00000.3  0.0030 

00000.4  0.0040 

00000.2  0.0020 

0000.07  0.0007 

00000.1  0.0010 

00000.2  0.0020 

0000.18  0.0018 

0000.60  0.0060 

0000.30  0.0030 

-0000.03  -0.0003 

0000.30  0.0030 

0000.20  0.0020 

0000.22  0.0022 

0000.20  0.0020 

-0000.25  -0.0025 

-0000.09  -0.0009 

-0000.23  -0.0023 

-0000.29  -0.0029 

0000.03  0.0003 

-0000.03  -0.0003 

0000.50  0.0050 

0000.33  0.0033 

-0000.16  -0.0016 

0000.30  0.0030 

-0000.12  -0.0012 

-0000.25  -0.0025 

-0000.03  -0.0003 

0000.30  0.0030 

-0000.24  -0.0024 

-0000.02  -0.0002 

0000.13  0.0013 

0000.30  0.0030 

-0000.15  -0.0015 

-0000.07  -0.0007 

0000.48  0.0048 


10000.0  -00000. I 

9998.7!  -0000.79 

9998.87  -0000.51 

9999.19  -0000.62 

10000.2  -00000.1 

9999.89  -0000.31 

9099.45  -0000.35 

1000.20  -00000.1 

9999.93  -0000.27 

1000.40 

10000.1  -00000.2 

9999.38  -0000.53 

10000.0  -00000.3 

10000.3  -00000.2 

10000.1  -00000.2 

9')9n.78  -0000.22 

10000.5  00000.1 

9999.97  -0000.13 

9999.03  -0000.50 

9999.77  -0000.23 

10000.1  -00000.2 

9999.11  -0000.69 

9999.97  -0000.13 

9999.83  -0000.47 

10000.2  -00000.2 

9998.89  -0000.41 

9999.92  -0000.38 

10000.1  -00000.3 

9999.61  -0000.37 

9999.83  -0000.47 

9998.99  -0000.71 

9999.59  -0000.40 

9998.72  -0000.89 

9998.84  -0000.65 

9998.97  -0000.71 

9999.22  -0000.55 

9998.96  -0000.84 

9999.51  -0000.46 

9999.31  -0000.41 

10000.4  -00000.1 

999Q.07  -0000.68 

9999.51  -0000.20 

9999.51  -0000.49 

99“9.60  -0000.50 

9999.59  -0000.40 

9998.99  -0000.71 

9999.46  -0000.51 

9999.89  -0000.41 

9999.14  -0000.64 

9999.11  -0000.69 

9999.59 


-0.0010  10000.2 

-0.0079  10000.1 

-0.0051  9998.43 

-0.0062  9999.10 

-0.0010  10000.2 

-0.0031  9999.93 

-0.0035  9999.60 

-0.0010  10000.5 

-0.0027  9999.75 

10000.5 

-0.0020  10000.1 

-0.0053  9999.53 

-0.0030  10000.1 

-0.0020  10000.3 

-0.0020  10000.1 

-0.0022  9999.73 

0.0010  10000.6 

-0.0013  10000.1 

-0.0050  9999.16 

-0.0023  9999.95 

-0.0020  10000.1 

-0.0069  9999.24 

-0.0013  10000.2 

-0.0047  10000.0 

-0.0020  10000.3 

-0.004]  9998.88 

-0.0038  9999.96 

-0.0030  10000.2 

-0.0037  9999.59 

-0.0047  9999.84 

-0.0071  9999.11 

-0.0040  9999.82 

-0.0089  9998.93 

-0.0065  9998.53 

-0.0071  9998.95 

-0.0055  9999.17 

-0.0084  9998.95 

-0.0046  9999.58 

-0.0041  9999.47 

-0.0010  10000.8 

-0.006C  9999.18 

-0.0020  9999.63 

-0.0049  9999.71 

-0.0060  9999.75 

-0.0040  9999. 

-0.0071  9999.04 

-0.0061  9999.68 

-0.0041  10000.0 

-0.0064  9999. 

■0.0069  9999.14 

9999.63 


0.10  0.0010 

0.60  0.0060 

-0.45  -0.0040 

-0.71  -0.0070 

-0.10  -C.OOlO 

-0.27  -0.0020 

-0.20  -0.0020 

0.20  0.0020 

-0.45  -0.0040 

O.IO  0.0010 

-0.20  -0.0020 

-0.38  -0.0030 

-0.20  -0.0020 

-0.20  -0.0020 

-0.20  -0.0020 

-0.27  -0.0027 

0.20  0.0020 

-0.37  -0.0030 

-0.05 

-0.20  -0.0020 

-0.56  -0.0056 

0.10  0.0010 

-0.01  -0.0010 

-0.42  -0.0042 

-0.34  -0.0034 

-0.20  -0.0020 

-0.39  -0.0039 

-0.46  -0.0046 

-0.59  -0.0059 

-0.17  -0.0017 

-0.68  -0.0068 

-0.96  -0.0096 

-0.73  -0.0073 

-0.60  -0.0060 

-0.85  -0.0085 

-0.39  -0.0035 

-0.25  -0.0025 

0.30  0.0030 

-0.57  -0.0057 

-0.08  -0.0080 

-0.29  -0.0029 

-0.35  -0.0035 

-0.23  -0.0028 

-0.66  -0.0066 

-0.29  -0.0029 

-0.30  -0.0030 

-0.48  -0.0048 

-0.64  -0.0064 

-0.19  -0.0019 
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PROCEDURE  FOR  DATA  ACQUISITION  FROM  THE  BEAM  STABILITY  TEST 

The  following  includes:  Part  I,  a brief  description  of  the  theory  and 
the  physical  setup  behind  this  test;  Part  II,  a recommended  procedure  for 
data  acquisition;  and  Part  III,  a brief  trouble  shooting  guide  to  avoid 
erroneous  data  readings. 

I.  Theory  and  Setup 

In  the  production  of  certain  types  of  transducers,  a strain  gage  is 
expoxied  to  a diaphragm,  housed  in  the  transducer  casing.  The  strain  gage 
is  connected  to  form  one  arm  of  the  Wheatstone  bridge,  so  that  when  a pres- 
sure is  applied  to  the  diaphragm,  the  resistance  through  the  strain  gage 
changes  due  to  deformation,  and  the  Wheatstone  bridge  gives  an  appropriate 
output.  A major  problem  hindering  the  accuracy  of  this  type  of  transducer 
is  the  lack  of  understanding  concerning  the  stability  of  the  diaphragm,  epoxy, 
strain  gage  interface  with  regard  to  such  factors  as  aging,  epoxy  creep, 
temperature  and  fatigue. 

In  this  test  a special,  cantilevered,  constant  stress  beam  (often 
referred  to  as  a constant  moment  beam)  has  been  substituted  for  the  diaphragm 
mentioned  above,  and  the  applied  pressure  has  been  simulated  by  a 250  gm 
weight,  loaded  on  the  free  end  of  the  beam.  The  strain  gages  are  epoxied 
to  the  beam  on  both  the  top  and  bottom  (i.e.,  tension  and  compression)  side, 
as  shown  in  Figure  K-251. 


Figure  K-251.  Constant  Moment  Beam  Apparatus  and  Strain  Gage  Location 

17713 


! 

i 

I 

i 


( 


K-501 


m 


There  are  ten  semiconductor  strain  gages,  and  one  reference  foil  strain 
gage  bonded  to  each  side  of  the  beam,  making  for  a total  of  twenty- two  bonded 
gages  per  beam.  The  electrical  readings  from  these  strain  gages  are  controlled 
by  two  of  three  switches  mounted  on  the  door  of  each  conditioning  box.  Switch 
No.  1,  labeled  SW-1,  controls  the  gages  in  tension,  with  positions  1 through 
10  being  the  semiconductor  strain  gages,  and  the  11th  a blank  position  (between 
the  10th  and  the  off  positions)  being  the  reference  foil  strain  gage.  Switch 
No.  2 controls  the  compression  gages,  again  with  positions  1 through  10  being 
the  semiconductor  gages,  and  the  11th  position  being  the  foil  gage.  It  should 
be  noted  that  these  switches  are  in  series  from  one  switch  to  another,  a> 

■ also  from  one  box  to  another  box.  Thus  if  two  or  more  switches  are  left  on, 

then  the  outputs  will  superimpose,  leading  to  an  erroneous  reading.  There- 
fore particular  care  should  be  taken  to  ensure  that  all  switches,  other  than 

I 

I the  one  being  read,  are  in  the  off  position  (i.e.,  so  that  the  white  dots 

I are  in  alignment). 

j In  addition  to  the  bonded  strain  gages,  there  are,  on  switch  No.  3, 

I positions  1 and  2,  two  506  ohm  resistors,  in  Wheatstone  bridges  similar  to 

i those  containing  the  semiconductor  gages.  These  are  used  for  standardization, 

and  their  output  is  measured  in  millivolts.  Also  on  switch  No.  3,  positions 
3 through  5,  there  are  2 standard  lOn  resistors,  2 standard  l,500n resistors, 
and  2 standard  50, 000S2  resistors.  These  standards  are  used  as  calibration 
checks  on  the  electrical  connections  and  the  Fluke  meter.  These  restrictors 
are  mounted  to  the  interior  of  each  insulated  conditioning  box,  and  are  sepa- 
rate from  the  beams.  Finally,  in  boxes  No.  2 and  No.  3 (nominal  temperature 
160°F  and  90°F)  on  switch  No.  3,  position  No.  9,  there  are  unbonded  semicon- 
ductor strain  gages,  whose  outputs  are  measured  in  ohms. 

In  all  there  are  four  boxes  containing  separate  constant  stress  beams. 

I In  order  to  determine  temperature  dependence,  these  boxes  are  maintained 

I at  various  nominal  temperatures.  Box  No.  1 is  maintained  at  a nominal  tem- 

I perature  of  120®F,  box  No.  2 at  160®F,  box  No.  3 at  90°F,  and  box  No.  4 at 

-65°F.  Proper  correlation  between  temperature  and  output  is  essential  to 
this  test,  because  the  resistivity  of  a semiconductor  strain  gages  is  highly 
j temperature  sensitive.  Therefore  a highly  accurate  platinum  resistance 


K-502 


I 


thermometer  is  used  to  meausre  the  temperature  to  within  ±0.02OF  of  the  actual 
temperature  of  the  constant  stress  beams. 

Before  the  beams  are  loaded,  preliminary  data  is  taken  with  regard  to 
preload  stress,  temperature  cycles,  and  excitation  levels.  All  data  taken 
after  the  beams  are  loaded,  is  referenced  to  the  moment  of  initial  loading. 
This  is  done  in  order  to  eliminate  the  effects  of  temperature  fluctuations, 
and  in  order  to  detect  further  strain  due  to  creep,  after  the  initial  elastic 
strain  has  taken  place.  A detailed  procedure  to  obtain  this  data  follows 
in  Part  II. 

II.  Procedure  for  Data  Acquisition 

Before  data  should  be  taken,  the  headings  at  the  top  of  the  data  acquisi- 
tion forms  should  be  filled  out.  The  time  should  include  whether  it  is  AM 
or  PM.  The  room  temperature  is  read  off  the  "Precision  Digital,"  which  is 
located  above  the  Master  Electrical  Control.  The  beam  S/N  as  well  as  the 
nominal  temperature  can  be  found  on  a label  attached  to  each  oven  or  freezer. 
The  platinum  resistor  S/N  is  printed  on  a flag  attached  to  the  No.  1 lead 
of  the  platinum  resistor.  Finally,  the  data  set  can  be  found  from  the  data 
form,  which  is  kept  in  an  individual  binder  for  each  nominal  temperature. 

The  data  set  numbers  are  sequential,  and  the  number  you  write  down  should 
be  one  greater  than  the  previous  number  on  the  data  form. 
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With  this  completed,  the  Fluke  multimeter  should  be  zeroed.  This  is 
achieved  by  first  depressing  the  DCV  function  key  on  the  multimeter;  next 
the  Range  should  be  put  on  the  auto,  and  left  there  for  the  remainder  of 
the  test.  Now  the  input  terminals  on  the  multimeter  need  to  be  brought  to 
a common  voltage  potential.  This  is  done  by  first  ensuring  that  the  guard 
on  the  multimeter  is  in  contact  with  the  guard  on  the  Master  Electrical  Con- 
trol, via  a wire  lead,  and  left  in  contact  for  the  remainder  of  the  test. 
Next  the  metal  straps  whould  be  positioned  as  shown  in  Figure  K-252.  The 
multimeter  should  read  ±0V;  if  it  does  not,  then  the  DC  zero  adjustment 
screw  needs  to  be  set  with  a small  screwdriver. 
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Figure  k-252.  Strapping  Sequence  for  Multimeter  Input  Jacks 
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Remove  the  strap  linking  the  red  with  the  black  terminals,  as  in  Figure 
K-252B.  You  are  not  ready  to  read  the  excitation  current.  This  current 
excitation  is  used  only  as  a monitor  on  the  system,  in  order  to  ensure  that 
the  electronics  of  the  test  are  behaving  properly.  Unless  the  voltage  drop  is 
equal  to  1.02179+0.00010  V,  some  change  has  occurred,  and  correlation  with 
past  data  will  be  reduced.  Since  this  reading  is  only  a monitor,  only  one 
switch  position  per  box,  need  be  recorded.  This  reading  is  recorded  in  the 
far  left  column,  headed  REMARKS  (Conts.  Curr  Mon).  To  read  this  data,  attach 
two  leads  (one  red,  one  black)  to  the  respective  red  and  black  terminal  posts 
marked  EXC  CUR,  on  the  Master  Electrical  Control.  Attach  the  other  end  to  the 
left  terminal  posts  on  the  multimeter,  as  in  Figure  K-253. 

Whenever  reading  voltages,  the  leads  should  always  be  connected  as  above, 
in  order  to  help  balance  the  internal  electronics  of  the  multimeter.  Now  check 
to  see  that  the  function  key  is  on  DCV,  that  the  Master  Electrical  Control 
mode  swith  is  on  constant  current,  then  turn  switch  No.  1 (thoses  switches  are 
mounted  on  the  front  of  the  ovens),  box  No.  1,  to  gage  No.  1,  and  record  the 
reading.  Now  turn  this  switch  off,  and  proceed  in  a like  manner  with  boxes 
Nos.  2,  3,  and  4. 


Figure  K-253.  Lead  Wire  Attachment  on  Multimeter  Input  Jacks 
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The  next  step  is  to  check  the  bridge  output  with  no  excitation.  Move  the 
lead  from  EXC  CUR  to  OUTPUT.  Now  leave  the  function  key  on  BCV,  and  put  the 
mode  switch  to  the  off  position,  also  check  to  see  that  all  the  switches  con- 
trolling the  gages  are  in  the  off  position.  Flip  through  the  gage  switches, 
one  by  one,  being  sure  to  turn  each  switch  to  the  off  position  before  going  on 
to  the  next  switch.  If  all  the  readings  are  within  the  range  of  ±0.002  mV 
then  no  data  need  be  taken.  If  the  readings  are  outside  that  range,  then  the 
appropriate  data  should  be  recorded  in  the  column  headed  BRIDGE  O.P.  No  EXCIT, 
mV.  All  the  boxes  may  be  read  at  this  time. 

Once  this  is  completed,  the  voltage  excitation  should  be  measured.  The 
voltage  excitation  varies  from  gage  to  gage;  therefore  the  reading  from  each 
gage  needs  to  be  taken.  Reading  the  voltage  excitation  is  also  the  easiest 
way  to  recognize  a broken  gage.  Unless  the  voltage  excitation  is  equal  to 
1.000000± 0.05000  V,  then  the  gage  is  probably  bad,  and  no  data  should  be 
recorded  from  it.  In  order  to  read  voltage  excitation,  leave  the  leads  on  the 
multimeter  as  they  are,  and  move  the  ends  connected  to  the  Master  Electrical 
Control  from  OUTPUT  to  EXC  VOLT.  Now  check  to  ensure  that  the  multimeter  is 
on  DVC,  that  the  mode  is  on  constant  current,  and  that  the  switches  control- 
ling the  gages  are  all  in  the  off  position. 

Data  for  voltage  excitation  should  only  be  read  from  one  box,  before 
going  on  to  read  temperature  and  output.  Fill  in  this  data  in  the  column 
headed  BRIDGE  VOLTAGE,  volts,  by  proceeding  down  the  page,  turning  to  each 
gage  in  succession. 

Following  the  voltage  excitation  reading,  the  platinum  resistor  reading 
should  be  taken.  The  platinum  resistor  leads  are  four  blue  and  white  wires 
extending  from  the  oven  door,  and  they  should  be  attached  to  the  multimeter  as 
shown  in  Figure  K-254. 

Change  the  function  key  to  KJ2,  and  note  the  time  in  the  time  column,  then 
record  one  platinum  resistor  reading  in  the  column  head  PLATINUM  RESISTOR, 
ohms.  Now  remove  the  platinum  resistor  leads,  put  the  straps  back  as  in 
Figure  K-252;  change  the  function  key  to  DCV,  put  the  mode  switch  on  constant 
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Figure  K-254. 


Platium  Resistor  Lead  Wire  Attachnients  to  Multimeter 
Input  Jacks 
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current,  and  attach  leads  from  the  multimeter  to  the  terminals  marked  OUTPUT, 
on  the  Master  Electrical  Control.  Now  again  record  the  time  in  the  time 
column,  and  read  the  outputs  from  that  box,  i.e.,  switch  1,  positions  1 through 
11;  switch  2,  positons  1 through  11,  and  switch  3,  positions!  and  2.  Now 
again  record  the  time,  and  take  an  additional  platinum  resistor  reading, 
as  described  before.  Proceed  to  the  other  boxes,  taking  voltage  excitation, 
platinum  resistor,  and  output  readings. 

You  are  now  ready  to  read  the  10S2,  1,500a  and  50,00011  resistors.  Take 
four  leads  and  connect  them  to  the  four  terminals  marked  RESISTANCE,  on  the 
Master  Electrical  Control.  Connect  the  other  ends  to  the  multimeter,  as 
shown  in  Figure  K-255. 


Figure  K-255.  Lead  Wire  Attachments  to  Multimeter  for  Resistance  Measurement 
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Depress  the  Kn key  on  the  multimeter,  turn  the  mode  switch  to  off,  and 
check  to  see  that  all  gage  switches  are  off.  Turn  switch  3 to  positions  3 
through  9 in  succession,  and  record  the  data  under  the  heading  RESISTANCE,  at 
the  bottom  of  the  page.  All  the  boxes  may  be  read  at  this  time. 

Finally,  the  standard  calibration  resistor  readings  need  to  be  recorded 
on  a separate  data  acquisition  form  titled  DIGITAL  VOLTMETER  CALIBRATION 
CHECK.  First  fill  in  the  date,  time,  room  temperature,  and  Fluke  serial 
number,  as  well  as  whether  the  meter  has  been  DC  zeroed.  Then  leaving  the 
lead  connected  to  the  Fluke  multimeter  as  they  are  (e.g..  Figure  K-255),  move 
the  other  ends  from  the  Master  Electrical  Control,  to  the  standard  resistors, 
as  shown  in  Figure  K-256,  and  record  the  data  in  the  appropriate  column. 
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Figure  K-256.  Lead  Wire  Connections  to  Standard  Resistors 
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III.  A Brief  Guide  to  Trouble  Shooting 

A.  Resistors 

1.  lOfl,  l,500n,  and  BO.OOOn  resistors: 
ion  resistor  should  read  10. OOOi  0.500 
1, soon  resistor  should  read  1,500.000  ± 10.00 
50, OOOn  resistor  should  read  50,000 ±1,300 

If  these  resistors  do  not  read  as  above,  then  check  to  see  that  the 
excitation  mode  switch  is  off,  that  the  function  key  on  the  DVM  is  on  K , 
that  the  straps  are  off,  that  four  leads  are  used,  and  the  DMM  range  is 

on  auto.  If  the  problem  still  persists,  see  "System  Errors"  below. 

2.  lOOn  Standard  Calibration  Resistors: 
lOOn  resistor  should  read  100. 00±  0.060 

Check  that  the  DVM  is  on  auto  and  on  Kn,  no  "System  Errors"  should 
affect  these  readings.  Also  the  Vishay  resistor  tends  to  make  a bad 

connection  with  the  leads.  It  helps  to  pull  the  leads  away  from  the 

terminal  post,  so  that  the  spade  lug  is  no  longer  touching  the 
actual  stem. 

3.  Platinum  Resistors 

These  readings  will  vary  from  box  to  box,  but  should  correlate  very 

well  with  past  data.  If  they  don't,  check  that  the  leads  are  con- 

nected as  in  figure  K-254  and  that  you  are  on  Kfi  and  auto.  No  sys- 
tem errors  will  affect  platinum  resistance  readings. 

B.  Excitation  Voltage 

Excitation  voltage  should  read  1.000000V±  0.05000V.  If  it  doesn't,  check 
to  see  that  the  straps  are  shorting  out  the  two  red  terminals,  and  the 
two  black  terminals  as  shown  in  Figure  K-252.  Check  that  the  function  key 
is  on  DCV,  and  that  the  power  mode  switch  is  on  constant  current;  if 

these  don't  correct  the  problem,  then  see  "System  Errors"  below. 
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C.  Output 

The  best  way  to  tell  whether  an  output  reading  is  bad  or  not,  is  to 
compare  it  with  past  readings.  For  output  readings,  the  straps  should 
be  up,  constant  current  turned  on,  function  key  on  OCV,  and  range  on 
200  mV  dc  or  auto.  For  further  guidance  see  System  Errors. 

0.  System  Errors 

1 . Conmon  Ground 

A lead  should  be  used  at  all  times  to  connect  the  guard  on  the 
Fluke  meter  with  the  guard  on  the  Master  Electrical  Control.  While 
this  guard  has  no  effect  on  resistance  readings,  it  is  essential 
when  reading  voltages,  in  order  than  a common  ground  state  is  used. 

2.  Fluke  Meter 

Be  sure  that  the  Fluke  meter  has  been  turned  on  for  at  least  two 
hours  before  the  readings.  Also  be  sure  that  the  DC  zero  has  been 
properly  zeroed. 

3.  Shorting  Out  Leads 

If  more  than  one  set  of  two  leads  are  used  at  a time  (e.g.,  EXC 
VOLT  and  OUTPUT  are  hooked  up  at  the  same  time)  then  the  possibility 
exists  that  while  reading  from  one  set  of  leads,  the  red  and  black 
leads  of  the  other  set  are  in  contact  with  each  other  and  are  short- 
ing out  the  system.  If  EXC  VOLT  is  shorted  out,  then  no  Output 
will  read  anywhere  near  the  proper  value.  However,  if  the  Output 
leads  are  shorted,  then  excitation  voltage  will  be  changed  by  about 
±0. 0005V;  this  is  an  important  change,  but  may  go  unnoticed  unless 

due  care  is  taken. 

4.  More  than  One  Switch  On 

Last,  but  probably  most  important,  is  the  possibility  that  if  more 
than  one  switch  in  series  is  on,  then  the  gage  readings  will  be 
superimposed.  This  applies  to  both  resistance  and  voltage  readings. 
Particular  care  should  be  taken  to  inspect  the  switches  controlling 
the  freezer  as  well  as  the  ovens. 
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EPOXY  CREEP  EVALUATION  TEST  DESIGN 


Circuit  Design 

Potential  Problem 

Line  resistance  changes 
with  age  and  temperature 
causing  zero  shift  and 
sensitivity  shift 


Gage  selector  switch 
contact  resistance 
changes 

Comon  mode  voltage 
causes  "noisy"  readout 


Possible  thermoelectric 
output 


Possible  diode  effect 


Excitation  voltage  or 
changes 


Design  Solution 

Three-wire  circuit  to  balance  resistance  change 
in  bridge;  all  three  wires  are  switched  together 

Wire  gage  selector  switch  wiper  with  No.  18  AWG 

Short  leads  to  gage  selector  switches 

Provide  shunt  calibration  check 

Switches  are  of  low  and  stable  contact  resist- 
ance and  low  thermals  design  (Leeds  & Northrupt 
P/N  31264) 

Short  length  of  unshielded  wires  from  temperature 
box  to  switches 

Tie  shields  from  switches,  power  supply  and 
completion  resistors  to  DVM  guard  and  to  ground 
and  to  power  supply  center  top 

All  paired  junctions  are  in  stable  temperature 
environment 

With  excitation  off,  output  is  read  with  switches 
in  the  off  position  and  gage  positions  (all  read- 
ing should  be  zero) 

With  excitation  off,  output  of  506J2  resistors  is 
read  (output  should  be  zero) 

Read  outputs  with  zero  excitation;  then  compare 
outputs  with  normal  and  reverse  excitation 

Monitor  excitation  before  and  after  gage 
measurements 
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EPOXY  CREEP  EVALUATION  TEST  DESIGN 


X 


Test  Equipment 

Potential  Problem 
Temperature  Monitoring 


Power  Supplies 


Digital  Volt  Meter, 
Fluke  8800A  DVM 


Solution 


Each  beam  box  is  equipped  with  a platinum  resis- 
tor calibrated  to  an  accuracy  of  0.005°F. 

Each  beam  box  is  equipped  with  2 copper  constan- 
tan  thermocouples  which  are  continuously  moni- 
tored with  a 24-channel  strip  chart  recorder. 
These  sensors  are  used  to  monitor  oven  failures 
and  are  accurate  to  t2°F. 

Copper  constantan  thermocouples  are  used  to  moni- 
tor room,  meters  and  power  supply  temperatures. 

Bulb  thermometers  are  used  to  monitor  standard 
cells  and  resistors  temperature. 

Constant  voltage  is  supplied  by  a KEPCO  0-2  VDC 
P.S.  which  is  kept  in  an  insulated  oven. 

Constant  current  is  supplied  by  a CALEX  MMD  930/ 
MK  296  current  supply  which  is  kept  in  an  insu- 
lated oven. 

Excitation  voltage  measurements  are  made  on  the 
0.2  VDC  scale  with  an  accuracy  of  ±54/<*V  at  1 V 
excitation.  Accuracy  increases  to  ±20/iV  at  1 V 
excitation  when  special  daily  transfer  calibra- 
tions are  made. 

Excitation  current  measurements  are  made  across 
a precision  506 ± 0.005S2  resistor  with  an  accuracy 
of +0.00011  mA.  The  accuracy  increased  to 
±0.00005  mA  when  special  transfer  calibrations 
are  made. 

Wheatstone  bridge  output  measurements  are  made 
on  the  200  mV  DC  scale  with  an  accuracy  of 
±5u  V at  the  0-10  mV  output  range.  With 
special  transfer  calibration  the  accuracy 
increases  to  tZu  V throughout  the  measuring 
range. 

Resistance  measurements  of  the  platinum  tempera- 
ture sensors  are  made  on  the  0 to  200n  scale 
with  an  accuracy  ofiO.OllIi.  The  accuracy 
increases  tot  0. 00512  with  special  transfer 
calibrations. 
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Calibrations  Standards 
used  for  transfer 
calibrations 


Platinum  Resistors 


Precision  Ice  Bath 


Leeds  and  Northrupt  Model  K-3  potentiometer 
with  an  accuracy  of  ilpiV  throughout  the 
0 to  200  mV  range. 

Unsaturated  standard  cells  nominally  1 V DC 
with  an  accuracy  of  ilO^V  (2  cells) 

Nominal  100  standard  resistor  with  accuracy 
±0.001S2,  direct  traceability  to  N.B.S. 

When  used  with  the  Fluke  8800  temperature  can 
be  read  with  a resolution  of  ±0.005°F  and 
accuracy  of  *0.05°F  with  transfer  calibrations 
accuracy  increased  to  ±0.02°F. 

Maintain  freezing  point  reference  for  measuring 
changes  in  platinum  resistor  calibration. 
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EPOXY  CREEP  EVALUATION  TEST  UNCERTAINTY  ANALYSIS 
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EPOXY  CREEP  EVALUATION  TEST  WCERTAZMTY  ANALYSIS 


SEMICONDUCTOR  CACE  r/.UUATIOW 

PURPOSE  Determine  the  magnitude  of  epoxy  creep  of 

Bpoxyllte  6203  adhesives.  Determine  gage'factor*temperaCure 
sensitivity  and  aging  of  semiconductor  strain  gages. 

METHOD  Conduct  both  short  and  long  term  testing  to  evaluate  epo/.y 


E = Bridge  excitation  voltage 

ex 

« Bridge  output 

e.  ■ Beam  strain 
b 

GF  “ Gage  factor 


creep,  Fc,  define  as: 

r - 4 !o_  T_i_ 


Where: 


is  more  precisely  wi’itten  as: 


* ‘EofEo” 


H A,  . U «.)(GF„. 


sGG 

3T 


aT+ 


3GF 

sage 


A^ge) 


l^Fc 


Where: 


Eq  Measure  bridge  output  due  to  loadirg 

AE  (E_)  = Calibration  correction  for  E.-,  , 

0 ' 0 ^ *" 

determined  by  transfer  calibrations 


Eg^  = Measured  bridge  excitation 


Calibration  correction  for  Eex  • 
determine--' by  transfer  calibrations 


CjjQ  “ Calculated  beam  strain 

^fb  = Beam  Strain  Correction  for  r;v.'-]l 
9T  temperature  variations 


99 


Beam  Strain  Correction  for  smalJ  ■ 
pressure  variations 

Bean  Strain  Correction  for  s:u5ll 
gravity  variations 

Beam  Strain  Correction  for  sr.ill 
In  bean  inclination  angle  variation;.: 


L-515 


GF  ■ Experimentally  determined  r.^so  farlor 
nori.iall j zes  1’^  « 1.0  at  outset  of 
experlm'-iii . 


aT  • Cage  factor  correction  due  to  soiall 


tcmnerarnre  variations,  experimentally 
detenained. 


3GF 


-Aage  * Gage  factor  correction  due  to  gage 
aging,  experimentally  determined 


6F  ■ Error  in  determining  epoxy  creep 
C 


due  to  accuracy  limitaticns  or  uncertainties . 


Figure  L-257.  Constant  Moment  Beam  Dimensions 


Calculate  mxy  creep. 


Figure  l-258.  Epoxy  Creep  Evaluation-Beam  Stability  Test 


EPOXY  CREEP  EVALUATION  TEST  DESIGN 


FOIL  GAGE  EVALUATION 

PURPOSE  Foil  gage  data  is  used  Co  approximate  beam  strain  variation  during 
testing. 


_ 4 I '■0 

"b  ■ gF  I r 


where: 


ex  ex 


■ A beam  strain  of  before  & after  beam  loading 

GF  . Foil  gage  factor 

Eq  > Gage  output  without  added  load 

Eex  ■ Constant  voltage  excitation  to  produce  Eq. 

Eq'  > Gage  output  with  added  load 

"ex'  “ Constant  voltage  excitation  to  produce  E,-,l 

Atlj  = Error  in  calculating' beam  strain  via  foil 
gage  method. 


Also,  = £5 


^sGF  y Y*/^  V 


The  error  de.  can  be  calculated  if  we  use  test  data  available.  For  example,  v’ith 
D 

GF  - 2.075  ± .010 

Eg  - 2.359  ± .002  m Volts 

Egj^  - 1.0I96A  ± .00002  Volts 

Eg'  . 2.250  ± .002  m Volts 

E„'  - 1.01563  ± .00002  Volts 
^ t 

Added  Load  > 221  gms 


- 207.05WC  1 1.43viC  STRAIN  DUE  TO  ADDEl)  LOADING 
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Test  Configuration 

I problem  SOLUTION 


■■■  1- 

i' 

Beam  stress  changes  with  constant 
load . 

A.  Monitor  end  displacement  of  bean. 

• 

i 

’ 1 

li 

Temperature  variations  and  grad- 
ients 

A.  Control  oven  heaters  with  gro- 
portlonal  controllers,  ±.5  F. 

I 

!l 

J-i 

r 

li 

h 

B.  Enclose  bean  in  separate  Insulated 
box. 

J 

C.  Allow  oven  fan  to  operate  continuously 
during  conditioning. 

1 

1 

1 

li 

' 

D.  Monitor  temperature  variations  to 
±0.005°F  with  platinun  resistors. 

1 

i 

1 3. 

;i 
^ : 

Potential  moisture  problem 

A.  Purge  inner  beam  box  with  GN2. 

Turn  off  GN2  at  least  2 hours 
before  taking  data. 

i 

< 

i 

B.  Monitor  moisture  with  humidity  gage. 

i 

J 

1 

!■ 

1; 

Vibrational  Problema 

A.  Isolate  ovens  from  equipruent  with 

moving  parts  during  data  acquisition. 

• 

i 

J 

CAMTILEVERED  BEAM  STRAIN  ANALYSIS 


fi  eb  - PROBABLE  ERROR  IN  THE  MEASUREH  STRAIN 


COEFFICIENT  OF  LINEAR  EXPANSION  OF  THE  BEAM 


CAOTILEVERED  BE.\M  STRAIN  ERROR  ANALYSIS 


ERROR  OF  BEiVM  HEIGHT  AT  GAGE  LOCATION 


PHYSICAL  DIMENSION  ARE  HELD  CONSTANT 


UNCERTAINTY  SUMMARY 


li 


The  largest  source  of  cieasurement  error  Is  produced  by  the  Halting 
accuracy  of  the  temperature  sensor-readout  system.  This  error  is 
estimated  to  be  .lit 


The  second  largest  source  of  error  Is  the  uncertainty  in  beam  inclination 
angle.  With  a sensitivity  of  4.4Sue/°,  the  uncertainty  is  estimated  to 
be  .036°,  leading  to  a measurement  uncertainty  of  .062 


The  third  largest  source  of  error  is  measuring  the  bridge  output,  estimated 
to  be  .022. 


All  other  measurement  uncertainties  are  at  least  2 orders  of  magnitude  less. 


Uncertainty  Analysis 

Measuring  operations  other  than  counting,  which  is  inherently 
an  Integer  operation,  produce  approximate  values  due  to  "uncertainty" 
in  the  last  recorded  digit  (ur  perhaps  the  first  un- recorded  digit). 
Vhen  these  approximate  values  are  processed  thru  a data  reduction 
program  the  uncertainties  in  the  inputs  produce  an  uncertainty  in 
the  output  determined  not  only  by  the  amount  of  uncertainty  in  the 
input  values  but  also  by  the  type  of  operations  involved  in  the 
calculations.  Some  operations  amplify  the  uncertainties,  others 
tend  to  suppress  them.  The  mathematical  process  of  predicting 
the  uncertainty  in  the  output  of  a set  of  calculations  is  called 
"uncertainty  Analisis".  Tiie  result  of  such  an  analysis  is  a 
rigorously  derivable  value,  once  the  form  of  the  equations  is  set 
and  the  uncertainties  in  the  input  values  chosen.  The  Judgmental 
aspects  of  Uncertainty  Analysis  are  over  once  the  uncertainty 
intervals  have  been  assigned  to  the  input  variables.  The  term 
"Experimental  Uncertainty"  used  in  this  sense  is  much  more  precise 
than  is  frequently  implied  (one  often  finds  that  any  scatter  in 
data  is  described  as  Experimental  Uncertainty).  An  accurate  pre- 
diction of  the  uncertainty  in  an  experimental  result  is  a pcv^erful 
diagnostic  tool  as  well  as  a valuable  aid  in  selecting  optimum 
test  prograuns  as  will  be  demonstrated  in  later  sections. 

The  most  troublesome  aspects  of  uncertainty  analysis  are 
the  Judgmental  ones;  what  to  use  for  the  uncertainties  in  the 
input  values?  This  question  cannot  be  answered  until  the  end  use 
of  the  emalysis  is  known. 

If  the  objective  is  to  predict  the  "scatter"  which  will  appear 
in  repeated  trials  at  the  same  nominal  set-point,  then  the  un- 
certainties in  the  input  variables  should  be  chosen  to  reflect 
only  those  aspects  v;hich  are  not  "fixed"  during  the  repeated  trials, 
"uncertainty"  in  the  calibrations  cf  the  instruments  should  not 
appear,  because  that  aspect  of  thi-  system  would  remain  invariant 
during  the  repeated  trials.  The  results  would  be  wrong,  if  the 
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calibrations  were  wrong,  but  they  would  not  "scatter"  as  long  as 
the  came  instruments  were  uced  for  each  trial. 

The  objective  of  tlie  analysis  might,  on  the  other  hand,  be 
to  predict  the  agreement  ivhich  could  be  expected  if  results  from 
one  set  of  experiments  were  compared  with  results  of  another  in 
a different  laboratory  using  a similar  apparatus  and  similar 
instruments.  In  such  a case  the  "uncertainty"  in  the  instrument 
calibrations  should  be  included  since,  with  respect  to  the  other 
apparatus,  your  data  could  "scatter"  due  to  differences  in  the 
calibrations  of  the  instrumerits . Discussion  of  this  problem  can 
be  facilitated  by  introducing  the  notion  of  "replication  level" 
and  discussing  the  calculated  result  from  an  experiment  as  a 
function  of  several  variables  (the  input  measurements)  and  several 
parameters  (the  fixed  aspects  of  the  experiment).  First,  however, 
the  description  of  "Uncertainty”  must  be  quantified.  ' 

Describing  the  Uncertainty  in  a Value 

When  an  instrument  has  an  "analogue"  output  (an  output  which 
is  not  "digital"  is  "analogue")  then  hum.ar.  judgment  is  ultimately 
required  to  establish  the  reading.  The  interpolation  operation, 
or  estimation  of  the  position  of  the  pointer  betv.'een  two  adjacent 
sca^e  marks  introduces  an  "uncertainly"  into  the  reading.  If  an 
infinite  number  of  independent  readings  were  simultaneously  obtained 
(to  avoid  any  possible  change  with  time)  they  would  show  a smooth 
distribution  about  their  mean  value.  For  many  instruments  the 
distribution  is  very  nearly  Gaussian  or  Normal  so  that  approxim.ately 
of  the  data  points  lie  within  _+2o  of  the  mean  value,  where  cr 
is  the  standard  deviation  of  the  disti'ibution  (Ref.  l).  Consider 


11.  D.  Young,  "statistical  Treatment  of  Experimental  Data" 
(McCjaw-Hill  Dock  Co.,  19o2)  p.  o'.. 

one  additional  reading  of  that  scjic  instriunent:  without  even 
looking  at  its  value,  one  migtit  offer  20:1  odds  that  it  would  lie 
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within  +2a  of  the  previously  established  mean.  If  the  point  lies 
within  2a  of  the  mean^  then  the  mean  lies  within  2o  of  the  pcir.tl 
Thus,  given  the  value  of  a and  any  single  reading,  one  might 
offer  20:1  odds  that  an  infinite  number  of  repetitions  would  produce 
a mean  value  within  +2a  of  the  single  available  value.  This  latter 
situation  closely  parallels  an  experimental  situation.  By  experience 
and  special  tests  one  establishes  an  estimate  of  a for  a given 
instrument.  Then,  rather  than  recording  an  infinite  number  of 
independent  observations  and  taking  the  average,  one  estimates 
the  band  width  within  which  the  true  value  probably  lies:  this 
band  width  is  the  "uncertainty " associated  with  the  measurement. 

In  the  absence  of  any  better  knowledge  it  is  usual  to  center  the 
band  width  about  thj  actual  observed  value.  Thus  if  the  recorded 
value  were  90-1  and  previous  experience  indicated  a value  of 
0 of  0.05,  a complete  statement  of  the  observation  would  be  the 
following: 


R = 90.1  ± 0.1  (20:1) 


(1) 


the  the 

observed  uncertainty 
value 


the 

confidence 

level 


Related  by  the 
statistical  prop- 
erties of  the 
instrument 

Note,  for  a given  instrument,  that  the  tighter  the  band 
width,  the  looser  the  odds.  That  is,  one  might  be  willing  to 
wager  20:1  that  not  more  than  1 person  in  twenty  would  have  read 
the  same  instrument  differently  by  more  than  +0.1  , but  only  10:1 
odds  that  the  agreement  would  be  v.'ithin±.05  and  "even  money"  on 
± .01  • 

It  will  prove  mathematically  convenient  to  establish  a 
uniform  confidence  level  (ODDS)  for  all  the  estimates  associated 
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with  a given  experiment,  and  adjust  the  uncertainty  intervals 
associated  with  the  individual  readings.  It  is  mathematically 
simplest  to  propagate  uncertainties  when  they  are  quoted  at  a 
uniform  probability. 

In  all  the  following  discussions  it  will  be  assumed  that 
each  input  value  is  presented  in  the  format  shown  in  Eq.  (l)  and 
that  it  is  desired  to  also  express  the  result  of  the  experiment 
in  that  same  format  and  at  tlie  same  odds  as  quoted  for  the  input 
values . 

Replication  Level  and  the  Assignment  of  Uncertainty 

It  is  desirable,  at  this  point,  to  defer  the  mathematics  of 
uncertainty  propagation  for  multi-variable  problems  and  symbolically 
discuss  the  results  and  their  interpretation.  The  significant 
mathematics  can  be  treated  in  later  sections. 

Let  us  discuss  a result,  R , calculated  from  a set  of 
independent  measurements,  the  x^  , and  possibly  affected  by 
various  other  aspects  of  the  experiment  such  as  instrument  calibra- 
tions, test  procedures,  or  hardv;are  design.  Denote  these  other 
aspects  of  the  experim.ent  as  parameters,  the  p.  , from  their 
m.athematical  analogue.  Thus  the  formal  representation  would  be: 


(2) 

R = ^3  ^ ^1’  ^2*^3  ^ 


the 

calculated 

result 


Variables 
Independently  re- 
corded for  each  trial 
at  the  considered  rep- 
lication level 


Parameters 

Aspects  of  the  experi- 
ment which  do  not  change 
from  trial  to  trial  at 
the  considered  replica- 
tion le%^el 


The  computing 
The  values  of  the 


equation,  6^  , js  the  data  reduction  program, 
x^  are  the  inputs  required.  The  result,  R 


f 
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is  the  numerical  value  of  the  output.  The  parameters  do  not 
explicitly  appear:  their  effect  is  "behind  the  scenes"  as,  for 
example,  the  calibration  of  an  instrument  whose  reading  is  used 
"as  is". 

Assume  now  that  the  uncertainty  intervals  for  each  of  the 
variables  have  been  selected  to  include  only  the  interpolation 
uncertainties  implicit  in  reading  the  instruments.  These  un- 
certainties can  be  formally  propagated  through  the  data  reduction 
equations  and  will  produce  a value,  , which  is  the  lower 

bound  for  the  value  of  the  uncertainty  in  the  result  R. 

6Rq  = 6R(6Xp  6X2,  6X3  ...  ).  (3) 

This  will  be  referred  to  as  the  uncertainty  of  the  Zero—  Order 
Replication.  No  sequence  of  trials  (repetitions  of  the  experiment) 
can  be  expected  to  produce  data  with  scatter  less  than  the  pre- 
dicted value  of  6Rq  even  if  all  the  instrument  readings  are  in- 
variant with  time.  The  uncertainty  interval  calculated  for  the 
Zero—  Order  Replication  is  chiefly  useful  in  predicting  the 
effect  of  the  individual  instruments  on  the  overall  uncertainty  of 
the  experiment.  In  any  experiment  certain  instruments  are  more 
critical  than  others  and  this  can  clearly  be  shown  by  an  uncertainty 
analysis  of  the  Zero—  Order. 

Most  physical  experiments  are  not  stationary  but  are  subject 
to  time-wise  fluctuations,  to  one  degree  or  another,  and  all 
sequences  in  the  real  world  are  necessarily  time-wise.  Thus 
"time"  is  an  unrecorded  variable  in  all  sequences  of  trials  and 
its  effects  are  necessarily  included  in  every  real  sequence  of 
data.  Let  us  re-evaluate  the  uncertainties  in  the  x^  to  include 
the  time-wise  random  variations  of  the  pointers  of  the  instruments. 
Such  an  evaluation  is  easily  conducted:  one  simply  sets  the  test 
apparatus  to  a particular  set  point  and  then  records  21  independent 
readings  from  each  instrument.  The  resulting  scatter  provides  an 


M-534 


estimate  of  the  uncertainty  interval  for  20:1  odds  (one  reading 
of  the  twenty-one  lies  outside  the  interval).  Formally  this 
operation  is  equivalent  to  including  time,  0 , as  an  independent 
variable  and  evaluating  its  effect  on  each  of  the  independent 
variables  as  an  expansion  in  a time  series.  The  effect  is  that 
one  more  variable  has  been  added  to  the  input  string:  the  re- 
sulting uncertainty  will  be  denoted  by  , the  uncertainty 

for  the  First  Order  Replication. 

6R^  = 6R(6Xj^,  6X2,  ••••  6x^)  (^ ) 

The  5x^  include  the 

average  effect  of  time- 
wise  fluctuations 

The  Uncertainty  for  a First  Order  Replication  is  the  lo;;est 
value  which  can  be  expected  for  the  scatter  in  a sequence  of 
trials  using  all  the  same  instruments  and  equipment.  It  follcv;s 
that  6R^  must  be  equal  to  or  greater  than  bR^  , and  is  only 
equal  to  bR^  under  the  rare  conditions  when  all  readings  are 
stationary . 

The  value  6R^  provides  the  first  diagnostic  utility  of 
uncertainty  analysis.  If  the  values  from  a sequence  of  trials 
at  the  First  Order  Replication  level  (i.e.  all  the  same  instruments 
and  equipment)  show  a larger  "scatter  band"  than  the  anticipated 
value  of  +bR^  , then  the  data  reduction  program  used  in  cal- 
cx’.lauing  the  result,  R , from  the  inputs,  , does  not  include 

all  of  the  aspects  of  the  experiment  which  are,  in  fact,  variable 
during  the  sequence.  This  can  be  represented  formally  by  the 
claim  tliat  one  or  more  of  those  aspects  listed  as  para:TieterE 
(i.e.  invariant  during  the  sequence  of  trials)  are  in  fact 
variables  and  their  effects  should  be  included  in  the  data  re- 
duction program. 


M-535 


To  illustrate  this  point  let  us  consider  an  experiment 
aimed  at  determininc  the  heat  transfer  Steuiton  number,  h/Gcp  , 
for  a boundary  layer  flow  alone  a flat  plate.  A sequence  ol 
trials  on  different  days  mieht  yield  results  varying  by  +1^ 
due  to  day-by-day  variations  in  the  humidity  of  the  air  (the 
specific  heat  of  water  vapor  is  tv  ice  that  of  dry  air.').  An 
otherwise  carefully  controlled  experiment  which,  in  its  data 
reduction  program,  assumed  tlie  specific  heat  to  be  a constant 
would  produce  values  of  the  Stanton  number  which  reflected  the 
variations  in  specific  heat.  If  the  anticipated  scatter  band 
for  a First  Order  Replications  of  that  experiment  were  suff icieritly 
narrow,  then  the  additional  scatter  due  to  the  unrecognized 
variable  (humidity  ) would  be  visible:  the  actual  data  would 
scatter  l?j  more  than  expected.  This  occurrence  should  suggest 
to  the  cautious  experimenter  that  his  experiment  was  not  yet 
adequately  described  by  his  data  reduction  program. 

The  First  Order  Replication  level  is  thus  related  to  re- 
peated trials  on  the  same  apparatus,  using  the  same  instruments. 
Uncertainty  intervals  calculated  for  this  replication  level  are 
useful  in  developing  an  experiment  and  its  data  reduction  prcgrac:. 
For  such  a level  the  intervals  for  the  inputs  should  include  net 
only  the  instrument  interpolation  interval  but  also  the  effects 
of  time-wise  variations  in  a nominally  steady  reading. 

For  every  recorded  bit  of  input  data  there  is  at  least 
one  instrument  and  each  instrument  is  a member  of  a family  of 
instriurjents  whose  calibrations  are  randomly  distributed.  Assume, 
nou,  that  one  of  the  instruments  is  replaced  by  another  of  the 
same  design  but  different  identity  and  a second  sequence  of  trials 
recorded.  The  mean  value  from  the  second  sequence  will  differ 
from  that  of  the  first  if  the  calibration  of  the  new  instru:nent 
differs  from  tl>e  old.  All  such  possible  exchanges  can  be  ac- 
commodated in  the  uncertainty  analysis  by  including  the  iustiu.-.er.c 
calibration  uncertainties  into  the  values  chosen  for  the  dx” 

This  implies  replication  of  a very  high  order  which  will  be 
referred  to  as  the  II—  Order  Replication 


6R(bx^,  bXg. 


(5) 


^n> 


the  include  instru- 

ment calibration  uncer- 
tainties 

Results  from  any  one  experimental  program  should  show  much  less 

+ Vi 

scatter  than  that  predicted  by  the  N—  Order  Replication,  and 
results  from  any  group  of  experimental  studies  (different  pieces 
of  apparatus  etc.)  should  agree  with  one  another  to  within  the 
predicted  values  of  6Rj^  providing  that  the  physical  structure 
of  the  apparatus  used  in  each  experiment  is  the  same. 

The  Order  Replication  level  is  the  level  of  uncertainty 
at  which  one  must  present  his  data  for  comparison  with  the  work 
of  other  investigators.  Note  that  the  process  of  calibrating 
an  instrument  is  one  of  eliminating  the  uncertainty  as  to  its 
identity  and  substituting  the  uncertainty  regarding  the  identity 
of  the  reference  instrument  (hopefully  a smaj-ler  valu'fe).  Thus 
a dime-store  thei'mometer  with  an  uncertainty  interval  of  + 2°F 
could  be  equipped  with  a magnifying  scale  reader,  a scale  vernier, 
and  calibrated  against  a reference  thermometer  to  ^jO.Ol^F  and, 
providing  it  were  stable  and  repeatable,  this  calibration  is  now 
"uncertain"  only  to  that  Zsvel  (+0.01°F).  A calibration  equation 
is  an  extension  of  the  data  reduction  program  aimed  at  reducing 
the  uncertainty. 

There  is  an  alternative  way  of  discussing  the  different 
replication  levels  which  may  be  useful.  Consider  a result,  R , 
derived  from  a set  of  input  data,  the  , subject  to  change 

with  time  Q , and  to  certain  parameters,  the  Pj  , of  which  the 
first  "n"  are  instrument  calibrations.  The  different  replication 
levels  can  be  thought  of  as  the  result  of  shifting  the  separation 
point  betiveen  variables  and  parameters. 
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R « R(Xj^,  Xg.  *3  • * * 

X„  i e , 

Pl>  P2^  P3  •••  Pn* 

Pn+1  **••  P] 

measured 

time 

instrument 

stationary 

variables 

calibrations 

feu:tors 

The  Zero-—  Order  Replication  fixes  time  and  all  parameters: 


6Rq  = 6R(6x^,  6X2,  '*• 


(7) 


The  First  Order  Replication  Level  permits  time  to  vary  and 
includes  the  uncertainties  due  to  non  steady  behavior. 

(8) 


6R^  = 6R(6x^,  &X2,  Sx^  •••  6x^,  "UU) 


The  N — Order  Replication  permits  time  to  vary,  includes  the 
uncertainties  due  to  non-steady  behavior,  and  considers  instrument 
identity  as  a possible  random  variable. 


6Rj^  = 6R(6Xj^, 


6x, 


3xJ 


n 


FS',  6p,  , 6p^ 


6P3 


6Pn) 


(9) 


It  is  clear  that  even  the  uncertainty  predicted  at  the  K — 
Order  Replication  Level  cannot  anticipate  variations  due  to  the 
physical  structure  of  the  apparatus  or  to  differences  in  the  general 
experimental  approach  chosen.  It  remains  the  responsibility  of 
the  investigator  to  ensure  that  the  physical  structure  of  the 
apparatus  does  not  affect  the  quoted  results.  One  brief  example: 
suppose  that  an  experiment  is  proposed  to  measure  the  velocity 
distribution  in  a pipe  of  diameter  D by  traversing  a probe  of 
diameter  d across  it.  The  relative  size  d/D  will  affect  the 
blockage  at  any  position  of  the  probe.  Piobes  of  different 
dieimeters  will  cause  different  values  of  tunnel  blockage  and  will 


r • " 

yield  different  profiles  of  velocity.  These  differences  are  not 
amenable  to  uncertainty  analysis.  If,  however,  the  data  reduction 
program  is  designed  to  correct  for  this  blockage  effect,  then  the 
uncertainty  in  the  correction  process  can  be  incorporated  into 
either  the  velocity  or  the  position  variable  (assuming  that  the 
correction  program  has,  on  average,  the  correct  effect). 

If  results  from  different  experimental  groups  fail  to  agree 
to  within  the  expected  value  of  +6Rf^  this  suggests  that  there 
. are  structural  effects  in  the  experiments  v;hich  have  not  yet 

been  identified. 

^ , Propagation  of  Uncertainties  in  Multi-Variable  Pioblems 

I V/hen  a result,  R , is  computed  from  several  different  inputs, 

I each  of  which  has  an  uncertainty  described  as  in  Eq.  (l),  then  the 

; value  of  the  result  is  uncertain.  If  the  uncertainties  in  the 

; inputs  are  bounded  then  we  could  describe  the  greatest  possible 

. excursion  in  R which  could  occur  due  to  the  least  favorable 

I combination  of  the  largest  allowable  excursions  in  each  input. 

Such  a measure  of  the  uncertainty  in  R is  sometimes  .useful, 
i when  the  penalty  for  optimism  is  great  and  the  price  of  pessimism 

! is  low.  Such  a large  value  is,  however,  the  least  likely  value 

for  the  excursion  in  R : it  requires  that  simultaneously  each 
input  is  perturbed  to  its  greatest  extent.  V/hat  is  generally 
desired  is  a statement  of  the  most  probable  value  of  the  uncertainty 
interval  in  R , expressed  at  the  same  confidence  level  as  was 
used  in  describing  the  inputs.  Such  a statement  requires  that 
the  uncertainties  in  the  inputs  be  propagated  through  the  data 
reduction  program  at  constant  probability.  It  has  been  shown 
by  Kline  and  McClintock  (Ref.  2)  that  such  a propagation  can  be 

I 

l 

! S.  J.  Kline  and  F.  A.  McClintock,  "Describing  Uncertainties  in 

j Single  Sample  Experiments",  Mechanical  Engineering,  January  1953. 

done  in  a relatively  simple  manner  as  described  below. 
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Consider  a result  R , a function  of  several  variables,  the 
, and  write  the  formal  expression  for  the  chance  in  R which 
would  result,  from  an  infinitesimal  change,  dx^  , in  each  of  its 
variables.  Note  that  dR  is  the  excursion  which  would  result 


'*’'2 


33^  n 


(10) 


if  each  of  the  x^  were  simultaneously  perturbed  by  an  amount 
6x.  . Thus  dR  is  related  to  the  least  probable  but  largest 
value  of  the  possible  effect  of  changes  in  the  x^  (assuming 
all  the  coefficients  positive,  for  convenience).  In  a system 
where  the  perturbation  in  the  x.  are  uncertainties  and  not 
specified  perturbation,  then  some  of  the  6x^  will  probably  be 
positive  and  some  will  probably  be  negative  so  that  the  net 
effect  will  not  be  as  large  as  it  might  be,  Kline  and  McClintock 
have  shown  that  the  way  to  combine  the  individual  effects  which 
most  nearly  preserves  the  true  statistiCw.1  probability  is  to  use 
a Root-Sum-Square  addition; 


1/2 


For  such  a combination; 

IF  - 1.  Each  variable  is  independent  and  comes 

from  a Gaussian  distribution  and, 

2,  Each  variable  is  described  by  a state- 
ment of  the  form 

x^.  = xY  i (odds) 

where  the  same  odds  are  used  for  each 
of  the  variables. 


M-540 


] * where  6R  is  given  by  Eq.  (11 ) and  the  odds  are  preserved. 


I In  many  situations  the  relative,  or  percentwise,  uncertainty 

f is  of  more  significance  than  the  absolute  value.  When  the  result, 

i ' R ^ can  be  expressed  as  a product  of  several  factors  the  relative 

I uncertainty  is  very  easy  to  derive,  even  when  the  factors  are 

[j  raised  to  different  powers. 


factor"  and  that  the  sign  of  the  exponent  does  not  affect  the 
result.  Man^  Instrxunent  calibrations  are  expressed  in  "percent 
of  reading"  and  fit  very  conveniently  into  this  format.  Note 
that  instrument  calibrations  expressed  as  "percent  of  full  scale 
reading"  do  not  satisfy  this  criterion:  that  sort  of  specifica- 
tion describes  the  absolute,  not  the  relative,  uncertainty. 


N 

1.  R = Z X. 

i=l  ^ 


Table  I:  Examples 


1.  6R 


Z (&X. 

i=l  ^ 


1/2 


N 

2.  R = with 


2.  6R 


6x 


3. 


N 

Z Xi  with 
i=l 


6Xi=B^ 


3.  6R 


6x 


R = x^^  + X2^  + • • • 

5.  R = (X3^)^(X2)^(X3)^  • • • 


ATO: 


4.  6R  = 


5.  6R  = 


(ax^^’^6x^)^+(bX2^“^6x2)^+* 


' aRBXj  ^ bR6x2  ^ 
±.  + + • • 


1/2 


6R 

R 


1/2 


If  the  uncertainty  interval  for  each  of  the  inputs  has 
been  selected  for  the  sajne  odds,  say  20:1,  then  Eqs.  (11). and  (12) 
predict  the  uncertainty  in  the  result  for  those  same  odds.  The 
same  form  is  used  for  calculating  the  uncertainty  for  any  replica- 
tion level  - only  the  values  of  the  6x^  change. 


Evaluating  the  Coefficietits 


When  the  experiment  is  such  that  R is  given  explicitly 
by  an  equation  involving  the  , the  value  of  each  coefficient 

is  found  by  taking  the  partial  derivative  of  R with  respect 
to  that  variable  (dlV'dXj^)  and  evaluating  that  partial  derivative 
at  the  conditions  of  the  test.  Some  experiments  involve  sequences 
of  calculations  so  involved  that  it  is  impractical  to  evaluate 
the  partial  derivatives  analytically.  If  the  data  reduction 
operation  has  been  programed  for  computer  use,  then  it  is  possible 
to  numerically  approximate  using  the  definition  of 

partial  derivative; 

bR  A lira  • ^(^i  ^i^  ^^^i^ 

^x,  Ax.-O  Sir 

^ ^ ^ /all  other 

I variables 
Vheld  constant 

To  execute  this,  one  would  first  reduce  the  data  with  the  given 
input  values  of  each  of  the  x^^  , store  the  value  R , and  then 
recompute  R increasing  one  of  the  input  values  by  a small  amount. 
This  re -computation  is  required  once  for  each  variable.  The  result 
is  a set  of  nuinerically  deduced  approximations  to  the  values  of 
{bR/by.^)  which  can  be  used  in  Eq.  (11)  to  evaluate  the  uncertainty. 

Data  reduction  programs  involving  judgment  such  as  graphical 
differentiation  or  curve  matching,  pose  special  problems.  Exper- 
ience suggests  that  the  uncertainties  in  these  operations  should 
be  treated  as  separate  inputs,  with  independent  uncertainty 
intervals  deduced  by  repeated  trials,  rather  than  attempting  to 
deduce  them  based  on  the  coordinates  of  the  input  points. 

The  Root-SiAm-Square  combination  has  the  effect  of  strongly 
emphasizing  the  larger  terms  and  suppressing  the  smaller. 

Consider,  for  example,  the  following  strings; 

5 + l+  l + l + l'^l~  10 
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r 


(25  + 1 + 1 + 1 + 1 + 1)^/^  » (30)^/^  - 5-^9 

Note  that  eliminatins  every  one  of  the  unity  variables  has  the 
effect  of  reducing  the  Root -Sum- Square  by  only  10^.  One  can  be 
reasonably  seife  in  discarding  any  term  less  than  one-fifth  the 
size  of  the  largest  term.  A common  error  in  applying  uncertainty 
analysis  is  to  become  involved  in  an  endless  un-raveling  of  the 
equations,  introducing  uncertainties  in  ir  and  g^  and  J ad- 
infinitum  until  the  significance  of  the  lesult  is  lost  in  the 
probability  of  numerical  errors. 

The  Independence  Criterion  and  Shared  Variables 

Long  and  complicated  sets  of  calculations  are  tedious  to 
handle  by  uncertainty  analysis.  It  is  frequently  attractive  to 
think  of  the  final  result,  R , as  being  computed  by  a brief 
formula  involving  subordinate  results,  the  , each  of  which 
has  been  evaluated  by  a smaller,  more  tractable  data  reduction 
program.  Rather  than  a single  large  equation  for  the  uncertainty 
in  the  result,  one  deals,  then,  with  a small  set  of  simpler 
equations  for  the  values  of  5R^  , and  then  one  final  equation 
for  6R  . Such  a technique  must,  however,  be  used  with  caution. 

A fundamental  assumption  required  to  justify  the  Root-Sum-Square 
propagation  is  that  each  of  the  variables  is  independent.  If 
any  two  of  the  subordinate  results,  the  R^^  , share  a common 
input  variable,  then  they  are  not  independent  in  the  sense  re- 
quired here.  Treating  them  as  independent  has  the  effect  of 
over  emphasizing  the  uncertainty  in  the  shared  variable:  its 
effect  is  counted  twice. 

Consider  the  uncertainty  in  a calculation  of  the  effective- 
ness of  a heat  exchanger  based  on  measurements  of  the  tempera- 
tures of  the  fluid  streams.  For  simple  cases: 

Tp-T, 

I3 
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J 


Assuming  each  temperature  to  be  measured  independently,  then 

I o . o . o I 


6T 


2 2 


= ^ [^6T3]‘ 


It  might  appear  simpler  to  deal  with  the  effectiveness  as 
the  quotient  of  two  temperature  differences,  thus  yielding  only 
two  terms  in  the  uncertainty  analysis: 

Let  AT^2  = ^2"'^1  ^'^13  " '^3”'^1 


Then 


Given  this  form,  one  might  propose  that  the  "producu"  form  applies. 
Let  us  examine  this  hypothesis. 


64  ! 

|/6AT,3.2 

/6AT,3' 

[ ^"13, 

/ 

6AT^2  = 

j(6T-^)^  +• 

(6T2)^  [ 

1/2 

6AT,3  = 

(613)^ 

1/2 
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Equation  (19)  is  certainly  simpler  than  Eq.  (17).  It  is  not 
correct,  however,  since  it  treats  as  having  been  measured 

twice,  once  to  evaluate  the  numerator  and  once  to  evaluate  the 
denominator.  Note  that  the  experiment  could  have  been  instrumented 
to  make  Eq.  (19)  true,  by  installing  two  temperature  sensors  in 
location  1 and  reading  each  independently  of  the  other.  Simil£.rly, 
Eq.  (19)  could  have  been  made  correct  by  installing  differential 
thermocouples  to  directly  measure  the  two  temperature  differences. 
The  form  of  the  uncertainty  analyses  and  the  technique  of  the 
experiment  are  closely  connected. 

Let  us  proceed  by  expanding  Eq.  (19)  and  comparing  the  result 
with  Eq.  (17).  From  Eq.  (19)  we  obtain 


from  (19) 

li  1 1 ) 1 ST.  2 


T - Tj-T^ 


2 12  ? 
6T^  + ^ 6T2  + 61^ 


1/2 


T 


+ 6T- 


1/2 


(20) 


from  (17) 


^ I (¥  ^ (I 


2 2 
+ 6T0 


1/2 


Note  that  the  result  from  Eq.  (19)  contains  an  extra  term 
involving  6T^  , as  a result  of  sharing  that  variable  between 
the  numerator  and  denominator.  As  a result  of  this  extra  term 
the  calculated  uncertainty  in  effectiveness  will  be  too  large. 
While  this  may  seem,  at  first  -glance,  to  be  "conservative"  and 
therefore  acceptable,  it  may  not  be.  If  the  uncertainty  analysis 
is  being  conducted  with  values  of  the  6x^  chosen  for  a Fij-st 
Order  Replication,  with  the  objective  of  predicting  the  expected 


scatter  in  a sequence  of  data,  then  this  overly-large  prediction 
of  6R  has  the  effect  of  relaxing  the  criterion  for  acceptance 
of  the  data.  If  the  calculation  is  of  N-^  O.'-der,  aimed  at  com- 
paring results  from  two  different  sets  of  experiments,  then  the 
use  of  an  overly  large  uncertainty  may  hinder  identification 
of  real  differences  between  the  data  sets.  The  problem  of 
shared  variables  also  arises  in  evaluating  the  uncertainty  in 
Integral  parameters  derived  from  experimental  data.  When  a probe 
is  traversed  across  a region  there  is  an  uncertainty  in  its 
position  as  well  as  its  output,  and  each  affects  the  uncertainty 
in  the  integral.  Both  the  ordinate  and  the  position  value  from 
each  probe  location  are  "shared"  by  the  interval  on  either  side. 

Use  of  Uncertainty  Analysis  In  Selecting  the  Optimum  Experimental 
Technique 

It  frequently  occurs  that  more  than  one  experimental  technique 
could  be  applied  to  a given  problem.  Uncertainty  analysis  can 
provide  a rational  basis  for  choosing  among  these  alternates, 
before  the  experiment  is  run.  Consider  the  heat  exchanger  problem 
illustrated  by  Eq.  (17) 

1/2 

(17)  « . j . (I  6T,)'  + 0T3'  j 

Note  that  the  result,  ^ , occurs  inside  the  expression  for  the 
fractional  uncertainty.  How  then  could  one  execute  this  analysis 
before  i had  been  measured?  The  answer  is:  parametrically. 
Assume  a set  of  values  for  ^ and  solve  Eq.  (17)  to  show  the  way 
in  which  the  uncertainty  varies.  To  illustrate,  let  us  compare 
the  relative  importance  of  errors  in  T^,  Tg  and  T^  as  the 
effectiveness  changes. 
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Table  II.  Parametric  Evaluation  of 


dpySTg 

.1 

9 

10 

1 

.2 

4 

5 

1 

.4 

1.5 

2.5 

1 

.6 

.66 

1.66 

1 

.8 

.25 

1.25 

1 

1.0 

0 

1.0 

1 

Thus  T^  and  Tg 

are  much  more  important  than  T-, 

in  setting 

the  uncertainty  ir 

i at  low 

values  of 

i . All  are 

about  equally 

important  at  intermediate  values  « 0,6)  and  is  of  less  and 

less  importance  as  ^ approaches  unity.  Except  in  the  case  of  the 
most  pioneering  sort  of  experiment,  the  result  can  usually  be 
anticipated  with  at  least  "order  of  magnitude"  accuracy.  If,  in 
this  instance,  ^ were  expected  to  be  low,  then  the  measurements 
of  and  Tg  would  have  to  be  very  carefully  handled,  and 

this  can  be  determined  from  Table  II  without  Knowing  exactly 
what  value  of  ? will  result. 

Table  II  illustrates  the  use  of  parametric  uncertainty 
analysis  to  identify  the  critical  measurements  in  an  experiment. 

It  is  thus  an  aid  to  the  efficient  allocation  of  resources,  once 
tiie  experiment  has  been  chosen.  The  same  form  of  analysis  can  be 
used  to  choose  between. two  candidate  experimental  techniques,  each 
capable  of  producing  the  same  output. 

Consider  the  problem  of  measuring  the  average  heat  transfer 
coefficient  from  a 1.0-inch  diameter,  round  rod  1-foot  long 
(neglecting  end  effects).  Two  techniques  have  been  proposed: 
steady  state,  and  transient. 
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steady  State  Test: 


**conv 


Figure  M-259 


The  rod  is  suspended 
in  the  stream  and 
electrically  heated. 
When  steady  state  has 
been  reached,  the  data 
are  taken. 


17721 


Data  for  Steady  State  Test 


Units 

Watts 


Symbol 


Me as u rand 
POWER 

TEMP,  of  ROD 
TEMP,  of  GAS 
DIA.  of  ROD 
LENGTH  of  ROD 


The  heat  transfer  coefficient  can  be  deduced  from  the  following 


definition: 


V.  A “^o 

n — A ' f m n 


POWER  - ” ‘^loss 

A(T-T„) 


For  simplicity,  we  shall  asstime  Qj-ad  ~ ^loss  ~ ^ 


0.0009^8  W 


7rDL(T-TQj 
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Figure  m-260 
(Assuming  No  Losses) 
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The  rod  is  suspended  In 
the  stream  and  electrically 
heated.  When  steady  state 
has  been  reached,  the  power 
is  turned  off  and  the  cooling 
curve  is  recorded. 


The  temperature -time  record  might  look  like  this: 


Figure  M-261 
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Prom  the  cooling  curve,  one  can  measure  the  time,  in  seconds, 
required  for  the  rod  to  complete  63. 2?^  of  its  response  to  this 
step  change  in  conditions.  This  time  is  called  the  characteristic 
time,  T , and  is  related  to  the  heat  transfer  coefficient  and  thermal 
storage  capacity  of  the  rod  by  the  following: 


T 


Me 

ETv 


(-3) 
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where  M = mass  of  rod,  lb„ 

’ m 

c »=  specific  heat  of  rod  material,  Btu/lb^jj  F 
h = heat  transfer  coefficient,  Btu/sec  ft^ 

A = Area,  ft^ 


Data  for  Transient  Test 


Measurand 

Units 

Symbol 

MASS  of  ROD 

m 

M 

SPECIFIC  iEAT  (ROD) 

Btu/lbjjj  °F 

c 

DIAMETER  OF  ROD 

FT 

D 

LENGTH  of  ROD 

FT 

L 

CHARACTERISTIC  TIME 

SEC 

T 

Steady  State  Test;  Uncertainty  Analysis 


0.0009^8  W 
TrDL(T-TQ) 


6h 

“E  " 


2 2 
6D  ^ ^ 6L 

+ T 


5 AT 
“St 


(24) 


(25) 


Experience  dictates  the  following  values  of  uncertainty  for  the 
instruments  used  in  this  test: 


6W  = 0.5  watts 
6D  = 0.001  inches 
6L  = 0.003  inches 

6T  = 0.25  °F  (each  temperature  reading) 

In  order  to  execute  the  uncertainty  analysis  before  the  experiment, 
it  is  necessary  to  estimate  values  for  each  measurand  which  is  not 
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already  known.  Choose  AT  « 20  as  a standard  test  condition. 
The  heat  transfer  coefficient  is  rstimated  to  lie  between  0.001 
and  1.0  Btu/sec  ft^,  based  on  data  from  a similar  system. 

h = 0.001  yields  W = 5.52  watts 
h * 1.000  yields  W = 5520  watts 

The  uncertainty  analyses  can  be  numerically  executed. 


6W 


6W 

W 


6D 


6L 

T 


6 AT 
“2?T 


0.091 

at 

h = 0.001 

0.000091 

at 

h = 1.000 

0.001 

0.00041 

2 ^ = 0.0177 


The  uncertainty  interval  can  now  be  estimated  numerically. 


For  h = 0.001 


6h 


= I (0. 


091)^  + (0.001)^  + (0.00041)^  + (0.0177)‘ 


1/2 


(26) 


^ = 0.0926  (Note  that  the  dominant  term  is  ^ ) (27) 

For  h = 1.000  ' 


6h 

“F 


^ \ \/2 

(0.000091)"^  + (O.OOl)**'  + (0. 00041)^  + (0.0177)^>  (2o) 


M-552 


= 0.0177  (Note  that  the  dominamt  term  is  ) 

Thus  the  uncertainty  in  h changes  (due  to  the  variation  of 
6W/W)  as  h changes.  The  estimated  uncertainty  of  the  steady 
state  test  is: 


001  010 
h 

Figure  M-262 


Transient  Test:  Uncertainty  Analysis 
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Experience  with  the  recorder  and  other  instruments  to  be  used 
suggests  the  following  unit  uncertainties: 

6M  = 0.0022  lb„ 

m 

6c  = 0.001  Btu/lb„  °F 

m 

6D  = 0.001  inches 
6L  = 0.003  inches 

6t  =0.03  seconds  (measured  on  chart) 


It  Is  again  necessary  to  estimate  the  values  of  t which  will 
be  encountered. 


when 


h ■■  0.001 
h = 1.000 


T e 980  seconds 
T * .980  seconds 


The  analyses  can  now  be  numerically  executed. 


6t 


= 0.000051 


at  h = 0.001 


^ = 0.051 


at  h = l.COO 


^ = 0.00081 


assuming  2.73  lbj„  for  M 


6c 


*=  0.011 


(assuming  c = 0.09^0) 


6D 


= 0.001 


^ = 0.0041 


for  h = 0.001: 


(32) 


^ = |(0.00081)^  + (0.011)^  + (0.000051)^  + (0.001)^  + (0.0041)^1 


,jV2 


6h 


= 0.012  (Note  that  the  dominant  term  is  — ) 


(33) 


for  h = 1.000 


6h 

“F 


= (0.0081)^  H-  (0.011)^  + (0.051)^  + (0.001)^  + (o.oo^i)^l 


(34) 
1/2 
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0.012 


(Note  that  the  dominant  term  is  — ) 


Again,  the  uncertainty  interval  changes  as  h changes. 


Figure  M-263 


Comparison 
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Plotting  both  uncertainty  curves  on  the  same  figure  shows  clearly 
the  "break  even"  point. 


For  conditions  where  h < 0.11  , the  steady  state  test  introducer, 
more  uncertainty  than  does  the  transient  test.  At  high  heat 
transfer  rates  the  steady  state  test  offers  better  performance. 


Integrals  of  Experimental  Profile  Data 

When  a probe  is  traversed  across  a region  there  is  an 
uncertainty  in  its  position  as  well  as  in  the  value  of  its  output. 
The  integral  deduced  from  these  data  contains  uncertainties  due 
to  the  probe  position  and  due  to  the  probe  reading.  These  values 
are  each  shared  by  two  intervals  of  the  profile.  The  problem  can 
be  illustrated  by  the  following  example.  Let  us  approximate  the 
integral  by  a series  of  trapezoidal  sums: 


) 


(36) 


The  series  can  be  rewritten  to  show  the  physical  characteristics 
as : 


s,  shared  s^,  shared 

1 c. 


(37) 


p^  shared 


p^  shared 


Choose  a particular  data  pair,  say  the  n — traverse  point,  and 
determine  its  contribution  to  the  uncertainty  in  the  total  integral. 
Choose  "n"  other  than  the  first  or  last  pairs,  since  those  are  not 
shared  and  require  special  discussion.  Examination  of  Eq.  (37) 
shows  that  there  will  be  two  terms  involving  each  position  measure- 
ment and  two  terms  involving  each  probe  reading.  The  value  p^^ 
occurs  once  for  i=n  and  once  for  i=nrl  . These  two  terms  are 
required  to  include  all  the  effect  of  p^  . 
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I 


t ! 

l.;l 


Vhlle  it  would  be  a tedious  proposition  to  evaluate  this  by  hand, 
it  is  not  so  formidable  to  program  it  once  and  store  it  as  a 
library  subroutine. 


I 


r ( 


\ 


ROBERT  J.  MOFFAT 

Supplementary  Notes  on  Uncertainty  Analysis 


Consider  an  experiment  designed  to  permit  a result,  R,  to  be  calculated 
based  on  data:  xj,  X2,  X3  * • Xp.  The  apparatus  can  be  considered  as  "fixed" 
during  the  experiment;  each  descriptor  of  the  apparatus  is  a parameter  of 
the  problem:  pj,  P2,  P3  Pk*  set-point  of  the  apparatus  is  described 

by  a known  set  of  independent  variables:  ij,  i2.  13  "*  im  which  include 
the  ambient  conditions.  The  nature  of  the  apparatus,  in  combination  with 
the  set -point  variables,  acting  through  the  processes  involved,  produce  a 
set  of  dependent  outputs:  d^,  d2,  d3  •**  dp. 

A complete  list  of  descriptors  would  suffice  to  "recreate"  the  experi- 
ment exactly  if  the  processes  involved  were  deterministic.  This  list  of 
descriptors  contains  what  would  be  called  the  "data"  of  the  experiment,  plus 
a good  deal  more. 

Descriptors:  i^,  I2.  13  ***  itn»  ^2‘  *’*  ^nl  Pi*  P2*  P3  “*  Pk 

independent  and  dependent  parameters  of 

variables  the  experiment 

(set  point,  ambient,  outcome;  (size,  shape,  location) 
every  variable  which  affects 
the  outcome) 

The  list  of  "data"  recorded  for  any  real  experiment  is  only  part  of 
the  list  of  independent  and  dependent  variables:  usually  only  those  pieces 
of  information  which  allow  the  result,  R,  to  be  calculated,  and  the  condi- 
tions of  the  test  to  be  identified. 

Assume  that  the  result,  R,  can  be  calculated  using  only  certain  data, 
for  example,  suppose  that  a computer  code  exists  for  calculating  R: 

R * R(ii,  ig,  13,  d^,  d2,  d3,  d4) 

The  data  used  in  calculating  R contain  some  (but  not  all)  of  the  inde- 
pendent variables  and  some  (but  not  all)  of  the  dependent  variables.  When 
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this  truncated  list  is  adopted  as  sufficient,  it  is  presumed  that  fixing 
ij,  ^2*  ^3  state  of  the  experiment,  hence  fixing  values 

of  dj,  d^,  d3,  and  d^.  If,  in  fact,  the  dependent  variables  are  affected 
by  i^,  ig,  ig,  or  other  "unrecorded"  independent  variables,  then  the  calcu- 
latd  values  of  R will  be  different  on  repeated  trials,  whenever  i^,  ig,  and 
ig  are  different,  even  if  i^,  ^2,  and  ig  are  held  fixed.  This  outcome  is 
described  as  "scatter." 

If  engineering  measurements  were  always  free  of  error  and  absolutely 
precise,  then  "scatter"  on  repeated  trials  of  the  same  set  point  would  be 
a clear  indicator  that  recorded  variables  were  affecting  the  process.  Such 
is  not  the  case.  Individual  measurements  suffer  from  errors  due  to  calibra- 
tion, installation  and  interpretation  defects,  and  these  errors  can  also 
cause  "scatter"  upon  repeated  trials. 

The  objective  of  Uncertainty  Analysis,  as  a diagnostic  tool,  is  to  eval 
uate  the  amount  of  "scatter"  which  can  be  attributed  to  the  recognized  un- 
certainties in  the  input  data,  and  thereby  make  it  possible  to  identify  the 
presence  of  significent  unrecorded  variables  in  the  experiment. 

In  all  of  the  following  sections,  the  emphasis  will  be  on  calculating 
the  amount  of  uncertainty  in  the  result,  R,  given  the  list  of  data  used  in 
calculating  R,  and  assuming  that  the  equations  are  known  by  which  R is  cal- 
culated from  the  data. 

No  uncertainty  analysis  can  begin  until  the  data  reduction  program  has 
been  written.  No  data-gathering  experiment  should  proceed  until  it  has  been 
shown  that  the  scatter  in  the  result,  upon  repeated  trials,  is  reasonable, 
considering  the  inputs. 

It  should  always  be  borne  in  mind  that  there  are  stochastic  processes 
nature  — sometimes  systems  simply  do  not  repeat  their  detailed  behavior. 
Usually,  however,  engineering  experiments  are  conceived  as  deterministic, 
anii  one  has  a right  to  expect  repeatability  within  limits. 
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PROCESS  SPECIFICATION 
PREPARATION  OF  GAGING  SURFACE 


1.0  INTRODUCTION 

This  general  specification  is  to  provide  a proper  surface 
and  surface  finish  on  which  to  properly  bond  semiconductor 
strain  gages. 

2.0  REFERENCE  DOCUMENTS  & EQUIPMENT 

350000  - STRAIN  GAGE  INSTALLATION 
SAND  BLASTER  STATION 

300012  - ABRASIVE  COMPOUND,  PROPRIETARY 

3.0  PROCEDURE 

3.2  General: 

Visually  inspect  the  surface.  Gaging  areas  must  be  free 
of  any  perturbation,  pits,  risers  or  contaminants  within 
the  material,  etc. 

3.2  Nozzle  Pressure: 

Adjust  the  dry  GN2  regulator  pressure  to  40  + 10  psi,  using 
a 1/32  orifice  nozzle.  Make  sure  the  GN2  bottle  has  sufficient 
reserve  pressure.  Check  the  bottle's  gage.  Change  GN2  bottle 
if  the  pressure  falls  below  75  psi. 

3.3  Surface  Cleaning: 

Clean  surface  thoroughly  using  trichloro  ethylene  by  soaking 
small  parts  and  wiping  large  parts  with  soaked  cloth.  Finish 
cleaning  with  pure  propyl  alcohol  or  freon  FPC. 
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PROCEDURE  (Continued) 

3,4  Using  300012  Material,  carefully  blast  surface  by  holding  nozzle 
approximately  3.0  inches  away  and  moving  nozzle  up  and  back  to 
evenly  blast  surface  to  a non-reflective  condition  which  can  be 
seen  by  no  change  in  color  with  additional  blasting. 

Do  not  blast  in  one  place. 

SPECIFICATION 

4.1  No  holes  or  pits  greater  than  0.0003  over  area  to  be  gaged  as 
seen  under  an  X40  microscope. 
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SEMICONDUCTOR  STRAIN  GAGE  INSTALLATION 
INSTRUCTION  FOR  USE  WITH  6203  AKIESIVE 
SPEC.  NO.  350001 

1.0  INTRODUCTION 

This  process  specification  establishes  the  procedure  for 
installing  of  unbacked  semiconductor  strain  gages  to  <.11 
types  of  transducers  and  materials  which  can  withstand  a 
cure  cycle  in  a vacuum  to  +350^1  min.  for  an  extended  period. 
The  adhesive  or  epoxy,  as  referred  to  in  the  text,  shall  be 
Epoxylite  6203. 

2.0  REFERENCE  DOCUMENTS 

330000  - Process  Specification:  Preparation  of  Gaging  Surface 
350002  - Epoxy  Filtering 

3.0  NOTES  AND  PRECAUTION 

The  6203  epoxy  is  a high  temperature,  extreme  range  adhesive. 

It  is  "stable"  to  +500°F  and  will  withstand  +600®F  for  a short 
duration  but  sustained  operation  above  250^F,  in  transducer 
applications,  will  result  in  increased  non-repeatability  error. 
However,  6203  has  been  used  as  a gage  bonding  agent  on  trans- 
ducers operated  at  500°F.  The  epoxy  is  a two-part  epoxy  - 
Bisphenol  A with  PMDA  as  a catalyst.  The  epox'y  contains  talc 
as  a filler.  The  PMDA  and  talc  are  mixed  together  as  a fine 
powder . 
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3.0  NOTES  AND  PRECAUTION  (Continued) 


The  Epoicylite  6203  FT  premlxed  end  frozen  adhesive  is  ideal  for 
gaging.  The  talc  and  catalyst  have  been  ground  to  a small  size 
(supposedly  0.1  mil)  so  that  lumps  are  not  a big  problem,  however 
some  larger  particles  still  exist.  The  date  and  lot  number  marked 
on  the  tube  provide  traceability. 

The  epoxy,  as  used,  is  a premixed  frozen  stick  available  through 
*Ablestii(,  or  6203FF,  available  in  mini tubes  or  In  syringes. 

3.1  Precaution 

3.1.1  Record  date  of  epoxy  on  traveler  folder. 

3.1.2  If  the  color  or  consistency  of  the  epoxy  appears 
different,  notify  supervisor. 

3.1.3  A separate  set  of  tools  shall  be  used  for  gaging. 
(Silicone  elastomer  and  other  epoxies  will  change 
the  bonding  characteristics  of  6203  epoxy). 

3.1. A The  tube  of  epoxy  shall  be  allowed  to  warm  to  room 
temperature,  60^>  60^F,  before  opening  (15  minutes). 
Wipe  off  siolsture  with  Chemwlpe  before  opening. 

3.1.5  Adequate  control  to  prevent  mlxup  of  new  and  used 

tubes  is  necessary.  The  connon  production  method  Is 

to  discard  any  opened  tubes.  One  of  the  problems  is 

the  picking  up  of  moisture,  the  other  Is  the  gradual 

*Ablestlk  Adhesives  Company 
633  Vest  162nd  Street 
Gardena,  California  90246 
(213)  321-6252 
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3.0 


S AND  PRECAirriONS  (Continued) 


herdenlng  of  the  6203  (partial  cure)  ao  that  It  la  no 
longer  workable. 

Under  extremely  high  humidity  conditions,  gaging 
ahould  not  be  done  because  of  the  absorption  of 
water  from  the  air  by  the  epoxy.  A small  soldering 
iron  such  as  the  ORYX  12-’6  should  be  used.  A control 
box  for  setting  the  voltage  is  necessary.  It  is  best 
to  do  soldering  with  the  sensor  (transducer)  on  a hot 
plate  at  about  200°F,  but  not  mandatory.  Nonnally, 
the  same  heating  arrangement  is  iised  for  both  gaging 
and  soldering,  although  these  are  done  at  separate 
times.  Soldering  to  the  gold  wire  is  usually  done  last; 
that  is,  after  the  extension  vires  have  been  soldered 
to  the  tabs.  This  minimizes  the  time  (or  times)  the  gold 
wire'Solder  joint  gets  heated. 

It  is  difficult  to  replace  a single  gage  (or  less  than 
all  gages)  after  the  transducer  is  connected  up.  Often 
the  transducer  is  given  a AS-hour  cure  at  230°F  instead 
of  the  prescribed  24  hours  at  250°F  and  24  hours  at  330^F 
to  save  the  connections.  This  is  more  critical  on  diffused 
gages  where  the  wire  is  smaller. 

A special  mini -hot  plate  has  been  designed  for  use  under 
a microscope.  It  is  ideal  for  gaging  and  soldering. 
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3.0  MOTES  AKD  PRECAUTIONS  (Continued) 

?ot  life  for  the  epoxy  shall  be  designated  as 
3 hours,  l.e.,  any  defrosted  epoxy  shall  be 
considered  unusable  for  gaging  after  3 hours 
at  room  temperature.  DO  NOT  REPLACE  opened 
Cube  in  freezer  regardless  of  period  that  it 
was  at  room  temperature. 

3.1.6  Do  not  use  glass  tape  in  curing  oven,  (due  to 


outgassing) 


4.0  EQUIPMENT 


4.1  Tweezers 

4.2  Sand  Blaster,  SS  White  No.  9 or  equivalent 

4.3  Vacuum  Oven 

4.4  Petri  Dish 

4.5  Transducer  Body  and  Beam  Holders 

4.6  Deleted  - Per  Revision  A 

4.7  Hot  Plate,  Miniature 

4.8  Microscope,  AO,  or  equivalent  lOX  Stereo 

4.9  X*Acto  Knife 

4.10  Megohm  Meter,  50V  Maximum 

4.11  No.  000  Brush 

4.12  Spatula 

4.13  Dental  Pick 
5.0  SURFACE  PREPARATION 

5.1  Sandblast  surfaces  to  be  gaged  per  process  specification. 
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5.0  SURFACE  PREPARATION  (Continued) 

5.2  Cbenically  clean  transducer  to  be  gaged. 

5.3.  If  the  transducer  to  be  gaged  cannot  be  used  immediately, 
store  in  a vacuum  chamber. 

6.0  BASE  COAT  APPLICATION  (NOTE:  This  work  to  be  done  under  plastic  cover) 
The  base  coat  is  needed  to  provide  electrical  insulation 

between  the  gage  and  the  bonding  surface. 

6.1  Set  the  hot  plate  at  110°F  to  200^F. 

6.2  Place  part  to  be  gaged  on  hot  plate.  Use  holder  as 
necessary.  With  large  Instruments,  heat  in  oven  at 
150°F  + A0°F,  for  1.0  to  + 0.5  hours  prior  to  placing 
on  the  hot  plate. 

6.3  Filter  epox>’  through  proprietary  screen  filter. 

6.3.1  Apply  a thin  coat  of  filtered  epoxy  on  the 
surface  to  be  gaged  with  the  No.  000  brush. 

All  epoxy  hereto  referred  to  will  be  screened. 

6. A Brush  the  epoxy  to  an  even  coat.  NOTE:  Avoid  excess* 
ive  brushing,  (ref.  dimension  of  base  coat  approximate- 
ly 0.7  mils  but  less  than  1.0  mil). 

6.5  Repeat  6.3  and  6. A for  all  other  surfaces  to  be  gaged. 

6.6  Cure  base  coat  for  60  minutes  ^ 15  minutes  af^SSO^F  ^ lO^F. 

6.7  If  the  base  coated  transducers  cannot  be  gaged  within 


6.0  BASE  COAT  APPLICATION  (Continued) 


8 hours,  store  then  in  a vacuum  chamber  at  ambient 
temperature. 

7.0  CAGE  PREPARATION 

In  general,  the  gages  used  for  transducers  are  matched  in  sets. 

The  gages  are  identified  as  1,  2,  3,  4,  etc.  The  gage 

identities  should  be  kept  and  the  gages  laid  at  the  positions 

indicated  on  the  transducer  drawing. 

7.1  Record  the  gage  data. 

7.2  Cut  gage  leads  at  label  in  boxes. 

7.3  Tick  up  gage  with  tweezers  by  one  lead  approximately 
1/32  inch  from  the  element. 

7.4  Straighten  this  lead  wire. 

7.5  Repeat  steps  7.3  and  7.4  for  other  lead  vires.  Keep 
gage  identity. 

7.6  Trim  lead  with  X*Acto  Knife  to  a maximias  length  of 
1/2  inch. 

7.7  Bend  the  leads  90°  to  the  top  surface  of  the  sensor. 

The  lead  vires  should  be  normal  to  the  top  surface  of 
the  sensor,  starting  1/32  inch  from  the  element. 

Where  the  gages  are  located  extra  close  to  a vail  or 
other  obstacle,  the  wire  should  be  formed  such  that  it 
is  curved  from  the  obstacle  before  the  lead,  or 

leads  are  formed  normal  to  the  gage  surface. 
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7.0  CAGE  PREPARATION  (Continued) 


7.6  Repeat  steps  7.3  through  7.7  for  other  gages  in  set. 

7.9  Soak  the  gages  in  acetone  for  1 slnute. 

7.10  Dry  on  the  hot  plate  at  200°?  + 50®F. 

7.11  Return  to  its  plastic  box. 

7.12  Attach  recorded  data  to  the  appropriate  shop  traveler. 

8.0  GAGE  INSTALLATION  (This  Work  To  Be  Done  Under  Plastic  Cover) 

Cages  are  to  be  installed  only  in  bumpless  blemish-free 
areas  perfectly  flat  with  even  precoat. 

6.1  Place  the  part  to  be  gaged  on  a hot  plate,  set  at 
155®P  + A5®F.  Where  the  part  requires  a holding 
fixture,  mount  part  on  the  fixture  before  placing 
part  and  fixture  on  the  hot  plate. 

6.2  Pick  a gage  and  determine  from  the  transducer  drawing 
the  exact  location  of  that  gage.  Start  with  Step  6.1 
when  more  than  one  surface  is  to  be  gaged. 

6.3  Pick  up  the  gage  by  one  of  its  leads  with  the  tweezers 
as  close  as  possible  to  the  silicon  gage  without 
touching  it. 

6.4  Wet  the  bottom  of  the  gage  by  dragging  the  gage  over 
the  filtered  epoxy  .0005  to  .0010  thick. 

6.5  Place  the  gage  at  the  proper  location  on  the  body  or 
beam. 


N-600 


8.0  CAGE  INSTALLATION  (Continued) 


6.6  Orient  the  gages  as  necessary  to  conform  to  drawing. 

8.7  Check  to  ensure  that  all  sections  of  the  gage  are  in 
contact  with  the  surface. 

8.8  Where  the  end  of  the  compression  gages  are  mounted 
closer  than  0.010"  from  the  transducer  wall,  a coat 
of  epoxy  will  be  applied  to  the  wall  to  prevent  the 
gage  lead  wire  from  shorting  to  case. 

8.9  Repeat  Steps  8.2  through  6.7  for  other  gages. 

8.10  On  some  designs  where  more  than  one  surface  is  to  be 
gaged,  and  only  one  surface  can  be  gaged  at  a time, 
the  following  sequence  of  gaging  shall  be  used: 

8.10.1  Base  coat  all  gaging  surfaces. 

6.10.2  Gage  one  surface  at  a time  per  Step  8.2 
through  6.9. 

8.10.3  Repeat  Step  8.10.2  for  all  surfaces. 

8.11  Apply  a coat  of  epoxy  to  all  uncoated  surfaces  over 
which  the  gage  wire  will  be  routed  and  to  the  area 
where  the  solder  tabs  are  to  be  located. 

6.12  Cure  gaged  body  or  beams  at  200°F  + 10®F  for  24»  + 

4 hours  in  vacuum  oven,  then  raise  to  250°F  + 10°F 
for  24+4  hours,  then  raise  to  300®F  + 10°F  for  24 
+ 4 hours,  and  final  cure  to  350®F  + 10°F  for  24  + 

4 hours. 
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8.0  CAGE  INSTALLATION  (Continued) 


NOTE:  It  is  possible  to  circulate  vacuum  pump  oil  back  into 
the  vacuum  oven.  The  following  steps  will  be  used  in 
pumping  down  and  opening  ovens. 

A.  Pimp  Down 

1.  Close  Door. 

2.  Close  relief  valve. 

3.  Leak  air  into  vacuum  pump  by  very  slowly 
opening  pumping  valve.  Minimum  time  (full 
valve  opening)  approximately  3*5  minutes. 

4.  Pump  should  never  be  turned  off. 

B.  Opening  Oven 

1.  Turn  valve  off. 

2.  Open  relief  valve. 

3.  Open  door  and  remove  part. 

4.  Close  door  and  evacuate  oven  when  not  in  use. 

9.0  TER.M1NAL  RINGS  AND/OR  TABS  MOUKTING 

9.1  Apply  a small  acount  of  6203  epoxy  on  the  areas  to 
which  the  ring  or  tabs  are  to  be  mounted.  Screened 
epoxy  not  required  here. 

9.2  Position  ring  or  tabs. 

9.3  Cure  for  2 hours  + 30  minutes  at  250®F  + 10®F. 
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10.0-  LEAD  WIRE 


10. 1 Fora  the  leads  to  the  ring  or  tabs  es  shown  In  their 
applicable  drawings. 

10.2  Solder  the  leads  to  tabs  or  ring. 

10.3  Tack  down  gage  lead  to  base  coated  areas,  with 
unscreened  6203  epoxy. 

10.4  Cure  for  2 hours  + 30  minutes  at  250°F. 

10.3  Make  insulation  resistance  and  continuity  tests. 

The  insulation  resistance  of  the  bridge  to  case 
ground  shall  be  greater  then  SO  megohms  at  30V  D.C. 
If  below  30  megohms  chemically  clean  area,  bake  out 
and  recheck.  If  resistance  still  below  30  megohms, 
remove  all  gages  by  sandblasting  and  repeat  entire 
procedure. 

11.0  IKSPECTION 

11.1  Base  coat  shall  be  uniform  over  the  area  inncdiately 
around  the  sensors. 

11.2  Caging  shall  be  checked  for  an  epoxy  coat  on  the 
wall  of  the  transducer  where  the  end  of  the  com- 
pression gages  are  mounted  closer  than  0.010"  from 
the  wall . 

11.3  All  gages  shall  have  a fillet  formed  by  epoxy  around 
the  ends  of  each  gage. 

11.4  Cages  shall  be  checked  for  proper  orientation  per 
applicable  drawing. 


11.0  INSPECTION  (Continued) 

11.5  Check  Che  shop  traveler  for  epoxy  date,  gage  and 
inculation  resistance  data  per  Paragraph  10.5. 

11.6  Mo  top  coat  or  over  coat  shall  be  permitted  on  the 
top  side  of  the  gages.  Spots  of  epoxy  shall  be 
permissible.  Where  Che  site  and  extent  of  the  epoxy 
spot  is  in  question,  the  criteria  for  acceptance  and 
rejection  shall  be  determined  by  the  precal  test  data 
on  repeatability  of  unit. 
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Basecoat  of  6203  is  nearly  transparent 
and  uniform  in  color  (which  indicates 


Figure  4.1.  Typical  Good  Basecoat 


6203  basecoat  upon  which  are  shown  the 
two  center  gages  (typical  diaphragm) 


ITF 
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There  should  be  a small  fillet 
of  cement  all  around  the  gage 


The  edge  of  fillet  is  an  imaginary 
line  where  the  cement  which  was 
on  the  gage  has  flowed  to. 

There  should  always  be  a fillet 
but  the  smaller  the  better. 


Some  filleting  around  lead  is 
normal. 


At  this  stage  the  gage  leads 
are  projecting  straight  upward. 


T Basecoat  on  diaphragm 


Lack  of  fillet  may  be  due  to  a 
projection  in  the  basecoat  which 
was  not  crushed  and  removed. 


This  gage  has  normal  fillet 
of  cement. 


Wires  are  projecting  straight 
up  at  this  stage. 


Wires  on  a tilted  gage  are  usually  tilted  too. 
Improperly  bent  leads  may  also  cause  tilted 
gages . 


Basecoat 


Tilted  gaqe  may  also  have  a void 
of  cement)  under  it  due  to  the 
projection.  This  is  bad. 


(lack 


Diaphragm 


Figure  4.5.  A Tilted  Gage  (Bad) 


Figure  4.6.  Bowed  Gages  (Bad) 
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EPOXY  FILTERING 


1.0  IKTRODUCTIOX 

This  process  is  to  remove  «ny  conglomerates  from  the  epoxy 
In  order  to  optimize  performance  and  minimize  creep. 

2.0  EQUIPMENT 

Reference:  Document  350001  for  Equipment 
Screen  - Proprietary  - SKI  #400038 

3.0  PROCEDURE 

3.1  Beat  evoxy  - See  Addendum  Para.  3.1.4  of  350001. 

Obtain  pre-mixed  pre-frozen  epoxy  from  freezer.  Allow 
to  thaw  Per  350001.  Put  screen  on  top  of  spatula  on 
top  of  hot  plate.  Set  between  150”-  200°F.  Squeeze 
epoxy  on  top  of  filter. 

3.2  Screen  enoxv 

Allow  epoxy  to  flow  onto  spatula  below  screen.  Epoxy 
on  spatula  is  now  ready  for  pre-coating  and  gaging. 
Bottom  of  screen  may  be  scraped  with  clean  spatula  or 
flat  of  pick  for  more  filtered  epoxy. 

4.0  SPECIFICATION 

Mo  particles  greater  than  .0005. 

5.0  POT  LIFE 
See  350001. 
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COMPLETE  STRESS  RELIEF  METAL  CONDITIONING  PROCESS 


1.  Machine  transducer  hardware  from  condition  A 15*3  stainless  steel. 

II.  After  machining  is  complete: 

(a)  Heat  treat  to  1900°F  + 25°F  in  argon  atmosphere  for  ^ hour. 
Cool  from  1900°F  to  800®F  in  15  minutes  + 10  minutes,  and 
same  rate  to  70?F. 

(b)  Cold  soak  samples  to  -100®F  for  1 hour  within  24  hours  after 
air  cooling  to  70®F.  Place  hardware  in  bucket  or  other 
container  in  -100°F  environment  rather  than  placing  hard- 
ware directly  into  -100°F  solution.  This  will  prevent 
excessive  thermal  stresses  (exceeding  precision  elastic 
limit)  during  cooldown  process.  The  15-5  alloy  is 
martensite  at  70*^F  but  may  have  minute  amounts  of  metastable 
austinate.  Dropping  to  -100°F  or  lower  assures  complete 
transformation  to  martens'ite.  Air  warm  samples  to  70°F 

at  rate  of  100°F/hr  or  less. 

(c)  Precipitation  harden  material  at  900®F  + 25®F  for  I hour. 

Air  cool  to  70°F  at  rate  of  100°F/hr  or  less. 

(d)  Descale  hardware  with  grit  blast  procedure  to  remove 
discoloration  (oxidation)  and  activate  surface  for  bonding 
semi-conductor  strain  gages. 
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WNSING  SYSTEMS  S MEASUREMENTS 


TECHNICAL  SPECIFICATION  FOR 
HOMOGENEOUS  SEMICONDUCTOR  STRAIN  CAGE 
SHI-0A-022-S00P(CoanerciaI)  SMI*0A-022-S00P  M(MlIiCary) 

(Considered  for  use  in  future  reduced  size  transducer) 


1.0  GENERAL 


This  semiconductor  strain  gage  is  made  from  P>doped  bulk  alll* 
con.  It  has  no  semiconductor  P/N  Junction.  The  silicon  is  etched  to 
shape  eliminating  the  potential  for  molecular  dislocation  or  cracks 
thereby  optimizing  performance. 

2.0  SPECIFICATIONS;  INDIVIDUAL  GAGES 

2.1  Material  

2.2  Resistance  

2.3  Average  Gage  Factor.  . 

2.4  Thickness  (Active  Area) 

2.5  Leads 

2.6  Contact 

2.7  Attachment  

3.0  STANDARD  BRIXE  MATCHING 

3.1a  Temperatures  ®F  .......  0,  78,  278  .......  Standard 

3.1b  Temperatures  <*F -6S,  0,  78,  278 Military 

3.2a  Resistance  Tolerance  Ohms  . . + 2Ji  max.  at  each  temp.  Standard 

3.2b  Standard  Sets  of  4 ea.  lA  max.  at  each  teo^.  Military 


P 111  Czochralskl  pulled  boron 
doped  Silicon  .05  Ohm/CM. 

525  i 50  unbonded  at  70®F 

140  t 10 

.0005  inch  max. 

,002  dia.  Gold  x 0.5  inch  min. 
Silicon/Gold  or  Cold  Nick.  Fused. 
Ball  Bond 
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HOHOCINIOUS  IIHZCONDUCTOI  ITIAZM  OAOl 
mz -04 -022 -300 


vmskam' 


Nodal  Zdant.a 
Total  Lanitta  • 
Aetlva  LaniCh 


022  - 300  y 


Matchad  fat  of  4 6a|aa 
Oopaot 

Nonlnal  laalatanea 

• 7aor 


IHZ -04-022 -300? • • • Individual  Coonareial  Oagat 

IKZ-04-022-300?  N t * • * t . • • • Individual  Military  Ga|aa 

MI -04 -022 -300? -14  .•••••.  .lata  of  4 natehod  (Coon)  faiaa  par  3.1a  4 3.2a 

MZ -04-022-300?  H-B4 lata  of  4 aatchad  (Mili)  gaiaa  par  3.2b  4 3.2b 


Individual 

Oaaa 

Matchad 

lata 

qUANTITY 

300? 

800?M 

300?-S4 

300?M-f4 

Oata 

Oaga 

fata 

lata 

1 - 4 

112.00 

116.00 

133.00 

180.00 

3 - I 

11.00 

14.00 

43.00 

M.OO 

10  - 24 

9.00 

12.00 

40.00 

36.00 

23  - 41 

1.00 

laoo 

30.00 

46.00 

30  - 91 

3.00 

ft  00 

22.00 

40.00 
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TECHNICAL  SPECIFICATION  FOR 
HOMOGENEOUS  SEMICONDUCTOR  STRAIN  GAGE 
SMI-06-033-500P(Coii«nercial)  SMI -06-033 -500P  M(Millt«ry) 

(Used  in  final  low  profile  transducer) 


0.6  MIN 

112  7 MIN) 

.0I4(  66)_„, 
.012  ( 30)'^' 


0060/0089 
(1.93/  1.46) 


.033  NEF, 
r.64)RCF 


.00l9/.0020(.036/.09l)  OlA 
60LO  LEAD  TY9ICAL 


.0073  (.191) 
.00  6 9 (163) 


- ACTIVE  AREA: 
.0004  /.0006  THICK 
( .010/  019)  THICK 


.009  (.127) 
.003  (176) 


-MELD 

TYPICAL 


.XXX*  INCH 
(.XX)*  MM 


l.O  GENERAL 


This  semiconductor  strain  gage  is  made  from  P-doped  bulk  sili- 
con. It  has  no  semiconductor  P/N  Junction.  The  silicon  is  etched  to 
shape  eliminating  the  potential  for  molecular  dislocation  or  cracks 
thereby  optimizing  performance. 

2.0  SPECIFICATIONS:  INDIVIDUAL  GAGES 

2.1  Material P 111  Czochralski  pulled  boron 

doped  Silicon  .03  Ohm/CM. 

2.2  Resistance 325  ^ 30  unbonded  at  70^F 

2.3  Average  Gage  Factor 140  + 10 

2.4  Thickness  (Active  Area)  . . . .0005  inch  max. 

2.3  Leads 002  dia.  Gold  x 0.3  inch  min. 

2.6  Contact Silicon/Gold  or  Gold  Nick.  Fused. 

2.7  Attachment Parallel  Gap  welded  Gold  leads  wit.h 

epoxy  reinforcement 


3.0  STANDARD  BRIlXiE  MATCHING 

3.1a  Temperatures  °F 
3.1b  Temperatures  °F 
3.2a  Resistance  Tolerance  Ohm.s 
3.2b  Standard  Sets  of  4 ea. 


0,  78.  278  Standard 
-65,  0,  78,  278  Military 
^ 2a  max.  at  each  temp.  Standard 
± lA  max.  at  each  temp.  Military 
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PRICING 

HOMOGENEOUS  SEMICONDUCTOR  STRAIN  GAGE 
SMI -06-033-500 


NOMENCLATl’RE: 


I 


Matched  Sec  of  4 Cages 
Dopant 

Nominal  Resistance 
(3  78®  F 


GAGE  AVAILABILITi’ 

/ — — — — — 

SM1-06-033-500P 

SMI-06-033-500P  M 

SM1-C6-033-500P-54  

li  1 SMI -06-033-500P  M-54  


Individual 


QUANTiri' 

500P 

Gage 

1 - 4 

SIO.OO 

5 - 9 

9.00 

1 

o 

7.50 

25  - 49 

5.50 

50  - 99 

4.50 

. Individual  Commercial  Cages 
. Individual  Military  Cages 

. Sets  of  4 matched  (Coosn)  gages  per  3.1a  6>  3.1b 
. Sets  of  4 matched  (Mili)  gages  per  3.1b  & 3.2b 


Gaee 

Matched 

Sets 

500PM 

Gage 

500P-S4 

Sets 

500PM-S4 

Sets 

S15.00 

$50.00 

$76.00 

13.00 

42.00 

65.00 

11.00 

35.00 

54.00 

9.00 

28.00 

43.00 

7.00 

21.00 

38.00 

\ 

j 
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TECHNICAL  SPECIFICATION  FOR 
HOMOGENEOUS  SEMICONDUCTOR  STRAIN  CAGE 
SMI-08-050-500P(Coomercl«l)  SMI-08-050-500P  M(Millt«ry) 

(Used  in  Prototype  Transducers) 


1.0  GENERAL 

This  semiconductor  strain  gage  is  made  from  P-doped  bulk  sili- 
con. It  has  no  semiconductor  P/N  Junction.  The  silicon  is  etched  to 
shape  eliminating  Che  potential  for  molecular  dislocation  or  cracks 
thereby  optimizing  perforsianca. 


2.0  SPECIFICATIONS;  INDIVIDUAL  GACES 


2.1  Material  

2.2  Resistance.  ......... 

2.3  Average  Gage  Factor  

2.4  Thickness  (Active  Area)  . . . 

2.5  Leads  

2.6  Contact  

2.7  Attachment 


P 111  Czochralski  pulled  boron 
doped  Silicon  .05  Ohm/CM. 

525  4 50  unbonded  at  70°F 

140  T 10 

.0005  inch  max. 

.002  dia.  Gold  x 0.5  inch  min. 
Silicon/Gold  or  Gold  Nick.  Fused 
Parallel  Cap  welded  Cold  Leads 
with  epoxy  reinforcement. 


3.0  STANDARD  BRIXE  MATCHING 

3.1a  Temperatures  ^F  

3.1b  Temperatures  ^F  

3.2a  Resistance  Tolerance  Ohms 
3.2b  Standard  Sets  of  4 ea.  . . 


0,  78,  278  Standard 

-65  0,  78,  278  Military 


2a  max.  at  each  temp.  Standard 
7 1a  max.  at  each  tamp.  Military 
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MOMENCLATURE: 

Hodel  ldenc.^^_ 
Total  LengCh^MH 
Active  Lengih^M_ 

CAGE  AVAILABILITY 


PRICING 

HOMOGENEOUS  SEMICONDUCTOR  STRAIN  GAGE 
SHI«08>0S0-500 


SMI  -08  • - 500  P 


Matched  Set  of  4 Gages 
Dopant 

Noalnal  Resistance 
(?  78«  F 


SHI-08>0S0-500P  . . . . 

1 • • e • 

. .Individual 

Coenercial  Gages 

i 

SMI-08-050-500P  M , . , 

. .Individual  Military  Gages 

SMI-08-050-500P-S4  . . 

> a e e e 

. .Sets  of  4 matched  (Conn)  gages 

per  3.] 

< 

SMI-08«^50-500P  M-S4  . 

t 9 * 

. .Sets  of  4 matched  (Mili)  gages 

per  3.] 

1 

I 

Indi> 

ridual  Gaae 

Hatched  Sets 

QUANTITT 

560P 

SOOPM 

500P-S4 

500PM-I 

3 

Gage 

Gage 

Sets 

Sets 

i 

1-4 

$8.00 

$14.00 

$40.00 

$72.00 

5-9 

7.00 

12.00 

36.00 

62.00 

10  - 24 

6.00 

10.00 

30.00 

52.00 

25  - 49 

5.00 

8.00 

26.00 

43.00 

50-99 

4.00 

6.00 

20.00 

34.00 
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